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INTRODUCTION 


1.1  Background.  Large  quantities  of  wastewater  are  gener¬ 
ated  during  the  manufacturing  of  explosives  and  prooellants; 
the  loading,  assembly*  and  packing  of  munitions;  as  well  as  de¬ 
militarization  and  washout  operations.  These  wastewaters  (re¬ 
ferred  to  as  "red  water"  or  "oink  water"  due  to  their  character¬ 
istic  color)  contain  varying  concentrations  of  explosives. 
Standard  practice  in  the  oast  has  been  to  dispose  of  these 
wastewaters  in  settling  lagoons  at  various  U.S.  Army  installa¬ 
tions.  Althougn  current  practice  provides  for  in-olant  treatment 
of  these  wastewaters,  the  inactive  settling  lagoons  at  numerous 
U.S.  Army  installations  are  a  source  of  potential  groundwater 
contamination . 

The  U.S.  Army  Toxic  and  Hazardous  Materials  Agency 
(USATHAMA)  is  currently  evaluating  a  number  of  potential  remedi¬ 
al  action  options  for  future  implementation.  One  option  has 
emerged  as  the  most  promising  in  the  near  term  (i.e..  for  in¬ 
stallations  requiring  remedial  action  within  the  next  five 
years).  This  option  is  excavation  ot  the  soils,  followed  by 
thermal  processing  in  a  rotary  kiln  incinerator.  The  U.S.  Army 
routinely  incinerates  pure  explosives  and  propellants;  however, 
previous  to  this  proiect  this  technology  was  undemonstrated  on 
explosives  contaminated  soils. 

1.2  Project  object ives.  The  objectives  of  the  Incineration 
of  Explosives  Contaminated  Soils  (lECS)  project  were  as  follows: 

(a)  The  primary  objective  of  these  tests  was  to  demonstrate 

the  effectiveness  of  incineration  as  a  decontamina¬ 
tion  method  for  explosives  contaminated  soils. 

(b)  The  secondary  objectives  of  the  project  were  to: 

-  Develop  a  data  case  and  appropriate  correlations 
for  designing  and  predicting  the  performance  of 
tne  incinerator  as  a  decontamination  method. 

-  Determine  the  fate  of  the  explosives  and  metals  in 
the  contaminated  soils  during/after  incineration. 

-  Measure  pollutant  levels  in  the  stack  gas  to  deter¬ 
mine  the  air  pollution  control  devices  that  would 
be  required  for  incinerators  that  may  be  used  in 
the  future  to  incinerate  explosives  contaminated 
soils. 
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1.3  Criteria  for  a  successful  project.  The  primary  objec¬ 
tive  of  the  project  is  to  demonstrate  the  effectiveness  of  in¬ 
cineration  as  a  decontamination  method  for  soils  which  poten¬ 
tially  contain  concentrations  of  explosives  and  associated  prod¬ 
ucts  of  decomposition.  Successful  demonstration  of  this  qoal  re¬ 
quires  demonstration  of  the  following: 

(a)  Destruction  removal  efficiency  (DRE)  of  greater  than 

99.99  percent  of  explosives  in  the  stack  emissions 
based  on  the  explosives  concentrations  in  the  feed 
soil. 

(b)  Thermal  treatment  of  the  contaminated  soils  such  that 

the  ash  residues  are  not  hazardous  due  to  the  charac¬ 
teristic  of  reactivity  (as  defined  in  Title  40  CFR, 
Part  261.  Section  261.23). 

(c)  Thermal  treatment  of  the  contaminated  soils  such  that 

the  ash  residues  are  not  hazardous  due  to  the  charac¬ 
teristic  of  EP  toxicity  (as  defined  in  Title  40  CFR, 
Part  261,  Section  261.24). 


1.4  Report  organization.  The  information  contained  within 
this  report  is  organized  into  11  sections  as  follows: 


Section  Title 


1  Introduction 

2  Executive  Summary 

3  Test  Site 

4  Characteristics  of  Explosives  Contaminated  Soils 

5  Description  of  the  Incineration  Test  Equipment 

6  Experimental  Variables 

7  Presentation  of  Test  Burn  Data 

8  Comparison  of  Test  Burn  Results  to  Regulatory  Criteria 

9  Analysis  of  Results  and  Development  of  Incinerator 

Design  Criteria 

10  Conclusions/Recommendations 

11  References 


The  appendices  provide  additional  data  and  analysis.  Ap¬ 
pendix  A  provides  a  detailed  summary  of  the  data  collected  dur- 
inq  each  of  the  19  incineration  test  burns  in  a  mass  balance 
format.  Appendix  B  provides  a  detailed  description  of  the  ana¬ 
lytical  approach  utilized  to  evaluate  the  test  burn  results  and 
to  develop  simple  linear  equations  for  desiqninq  and  predictinq 
the  performance  of  the  incinerator  as  a  full-scale  remedial  ac¬ 
tion  alternative.  Appendix  C  provides  referenced  sections  from 
the  Federal  Reqister  reqardinq  hazardous  waste  requlations.  Ap¬ 
pendix  D  provides  the  molecular  structure*  preferred  nomencla¬ 
ture.  and  chemical  formula  for  each  of  the  explosives  discussed 
in  this  report. 


2.  EXECUTIVE  SUMMARY 


In  August  1982,  USATHAMA  commissioned  Roy  F.  Weston,  inc. 
(WESTON)  to  develop  and  implement  a  program  to  demonstrate  the 
effectiveness  of  rotary  kiln  incineration  in  decontaminating  ex¬ 
plosives  contaminated  soils.  This  program  was  an  unqualified 
success  as  demonstrated  by  the  following  results: 

(a)  It  was  demonstrated  that  a  "transportable"  incineration 

system  could  be  disassembled,  transported  approxi¬ 
mately  1,000  miles,  be  reassembled,  and  fully  opera¬ 
tional  within  two  weeks. 

(b)  Nineteen  days  of  formal  trial  burn  testing  were  com¬ 

pleted  within  20  consecutive  calendar  days  with  no 
lost  time  due  to  equipment  failure. 

(c)  An  additional  six  days  of  operation  were  performed  at 

steady-state  conditions  with  no  downtime  due  to 
equipment  failure  or  malfunction. 

(d)  Comparing  the  mass  of  explosives  measured  in  the  ash 

residues  and  the  stack  gas  to  the  mass  of  explosives 
in  the  soil  feed,  the  following  destruction  and  re¬ 
moval  efficiences  were  demonstrated: 

-  Greater  than  99.99  percent  destruction  efficiency 
in  the  kiln  ash. 

-  Greater  than  99.9999  percent  destruction  efficiency 
in  the  fabric  filter  ash. 

-  No  explosives  detected  in  the  stack  gas  which  re¬ 
sults  in  an  overall  destruction  and  removal  effi¬ 
ciency  (DRE)  of  100  percent. 

(e)  Stack  emissions  were  in  compliance  with  all  Federal, 

state,  and  local  regulations  including: 

-  Sulfur  dioxide  (SO2) 

-  Hydrogen  chloride  (HCl) 

-  Oxides  of  nitrogen  (NO^) 

-  Carbon  monoxide  (CO) 

-  Particulates 

(f)  Ash  residues  were  not  hazardous  from  the  standpoint  of 
EP  toxicity  or  reactivity.  Application  has  been 
filedl  with  the  Illinois  EPA  to  allow  land 
application  of  the  asn  residues  at  the  Savanna  Army 
Depot  Activity. 
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Simply  stated,  the  TECS  program  demonstrated  that  explosives 
contaminated  soils  can  be  excavated,  thermally  decontaminated, 
and  the  ash  residues  landfilled  on-site  in  a  safe  and  environ¬ 
mentally  acceptable  manner. 

The  lECS  program  consisted  of  seven  tasks: 


(a) 

Task 

1  -  Incineration  Equioment/Test  Site 

Selection 

(b) 

Task 

2  -  Soil  Characterization/Reactivity 

Testing 

^  • 

(c) 

Task 

3  -  Development  of  Detailed  Test  Plan/Safety  Plan 

(d) 

Task 

4  -  Environmental  Permitting 

(e) 

Task 

5  -  Evaluation  of  Materials  Handling 

Procedures 

If) 

Task 

6  -  Incineration  Testing 

‘A 

(q) 

Task 

7  -  Evaluation  of  Results 

The  lECS  Project  Schedule  is  presented  in  Figure  1.  The  fol¬ 
lowing  subsections  summarize  the  objectives  and  results  of  the 
first  six  tasks. 


I 

>  «• 


2.1  Incineration  equipment/test  site  selection.  After  a 
comprehensive  survey  of  rotary  kiln  manufacturers  to  determine 
the  availability  of  appropriately  sized  test  units,  ThermAll, 
Inc,  of  Peapack,  New  Jersey  was  selected  as  the  incinerator  sub¬ 
contractor  for  the  project.  A  major  innovation  of  this  project 
was  the  decision  to  use  a  "transportable"  incinerator  (i.e., 
equipment  disassembled,  loaded  on  trucks,  shipped  to  the  test 
site,  and  reassembled)  as  opposed  to  a  "mobile"  incinerator 
(i.e.,  truck  mounted)  or  shipment  of  the  contaminated  soils  to  a 
commercial  facility. 
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The  test  site  selected  was  Savanna  Army  Depot  Activity  in 
Savanna,  Illinois  which  provided  the  following  advantages: 


v;  (a)  Remote  location  well  isolated  from  populated  areas. 

V  (b)  Close  proximity  to  contaminated  soils. 

(c)  Well  controlled  access  and  security. 

Figure  2  provides  an  overall  view  of  the  installed  inciner¬ 
ation  system  at  the  Savanna  Army  Depot  Activity.  Figure  3  is  a 
i^otograph  of  the  front  of  the  ThermAll,  Inc.  rotary  kiln  incin- 
iv;  erator  showing  the  soil  feed  system  in  the  foreground. 
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FIGURE  1  PROJECT  SCHEDULE 


2.2  Soil  characterization/reactivity  testing.  In  order  to 
maximize  the  usefulness  of  the  results  of  the  project,  USATHAMA 
decided  to  test  contaminated  lagoon  soils  from  two  separate  in¬ 
stallations  with  widely  varying  characteristics  (see  Table  1)  . 
The  two  installations  selected  provided  ranges  of  soil  charac¬ 
teristics  typical  of  most  other  U.S.  Army  installations. 

The  contaminated  lagoon  soils  are  hazardous  because  they  ex¬ 
hibit  the  characteristic  of  reactivity  (i.e.,  potential  for  det¬ 
onation  or  explosion).  Testing  conducted  at  Allegany  Ballistics 
Laboratory  (ABL)  in  Cumberland,  Maryland  confirmed  that  the  la¬ 
goon  soils  are  reactive  and  that  special  precautions  must  be 
taken  in  developing  materials  handling  procedures  and  equipment 
design. 


2.3  Development  of  detailed  test  plan/safety  plan.  In  order 
to  provide  for  meaningful  evaluation  of  the  incineration  test 
results,  a  test  plan^  was  developed  which  included  a  syste¬ 
matic  analytical  approach  to  the  defined  problem.  The  approach 
WESTON  followed  throughout  the  completion  of  the  program  is  de¬ 
picted  on  Figure  4.  The  nine  steps  of  the  analytical  approach 
can  be  categorized  as  pre-experimental  (steps  1  through  5) ,  ex¬ 
perimental  (step  6) ,  and  the  analysis  and  conclusions.  The  pre- 
experimental  and  experimental  steps  are  addressed  in  Sections  3 
through  6,  while  the  remaining  steps  are  addressed  in  Sections  7 
through  10. 

An  important  activity  in  the  development  of  the  test  plan 
was  the  selection  of  key  parameters  (input  variables)  to  be  con¬ 
trolled  and  held  at  various  levels  during  testing.  These  key 
parameters  were: 

(a)  Soil  feed  rate. 

(b)  Temperature  in  the  primary  combustion  chamber. 

(c)  Temperature  in  the  secondary  combustion  chamber. 

These  key  parameters  were  selected  since  they  directly  re¬ 
late  to  the  economics  of  incineration  (i.e.,  how  much  can  be 
burned,  how  quickly  can  it  be  burned,  and  how  much  fuel  is  re¬ 
quired?)  . 

Other  test  variables  were  held  constant  to  the  extent  possi¬ 
ble.  Test  variables  that  could  not  be  held  constant  were  meas¬ 
ured  during  the  test  as  illustrated  in  the  test  plan  schematic 
diagram  (Figure  5) . 
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TABLE  1.  CHARACTERISTICS  OF  EXPLOSIVES  CONTAMINATED  SOILS 


Description 

Savanna  Army  Depot 
Activity  (SADA) 

Louisiana  Army 
Ammunition  Plant 
( LAAP ) 

Soil  Matrix 

Sand 

Clay 

Moisture  Content^ 

12  -  26% 

25  -  30% 

Ash  Content 
(as  received) 

44  -  83% 

54  -  66% 

Explosives  Content^ 
(dry  basis) 

-  TNT 

9  -  41% 

5  -  14% 

-  RDX 

<0.02% 

3  -  10% 

-  HMX 

Not  Detected 

0.6  -  1.4% 

-  Other 

<0.03 

<0.06% 

-  Total  Explosives 

9  -  41% 

10  -  22% 

Heating  Value 
(as  received) 

50  -  2,400  Btu/lb 

600  -  1,200  Btu/lb 

^Molecular  structure  of  TNT,  RDX,  HMX,  and  other  relevant  ex¬ 
plosives  are  provided  in  Appendix  D. 

^Moisture  content  for  soils  are  based  on  samples  taken  from  the 
soil  prior  to  feeding  into  the  incinerator. 
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FIGURE  4  TEST  PLAN  ANALYTICAL  APPROACH 


Explosives.  Particulates,  Metals,  SOj 


FIGURE  5  INCINERATION  TEST  SCHEMATIC  DIAGRAM 


From  the  outset,  USATHAMA  assigned  personnel  safety  the 
highest  priority  for  this  project.  In  this  regard,  a  detailed 
site  plan  and  safety  submission^  were  developed  and  reviewed 
and  approved  by  the  Department  of  Defense  Explosives  Safety 
Board . 

2.4  Environmental  permitting.  Recognizing  the  importance 
of  Federal  and  state  environmental  concerns,  the  lECS  project 
was  structured  to  be  fully  responsive  to  the  requirements  of  the 
Resource  Conservation  and  Recovery  Act  (RCRA)  of  1976  and  the 
Illinois  Air  Pollution  and  Hazardous  Waste  Management  Regula¬ 
tions.  As  shown  in  the  project  schedule,  the  environmental  per¬ 
mitting^  was  an  extremely  rigorous  and  time-consuming  process. 

2.5  Evaluation  of  materials  handling  procedures.  The  pri¬ 
mary  objective  of  this  task  was  to  evaluate,  design,  and  imple¬ 
ment  materials  handling  procedures  that  emii^asized  personnel  and 
environmental  safety.  There  were  four  major  goals: 

(a)  Minimize  personnel  contact  with  the  lagoon  soils. 

(b)  Avoid  confining  the  lagoon  soils  (which  could  lead  to 

detonation) . 

(c)  Avoid  any  initiating  forces  (i.e.,  friction,  heating 

under  confinement,  etc.). 

(d)  Contain  any  spills  and  minimize  contamination  of  clean 

areas. 

The  test  plan2  was  developed  assuming  the  use  of  a  screw 
conveyor  to  feed  the  contaminated  soils  into  the  incinerator. 
However,  subsequent  soil  reactivity  testing  at  ABL  led  to  can¬ 
cellation  of  the  screw  conveyor  due  to  safety  considerations. 

A  soils  handling  protocol  and  a  bucket  feed  system  were  de¬ 
signed  specifically  for  this  test  program  which  met  all  of  the 
test  objectives  and  safety  requirements.  During  the  course  of 
the  test  program,  the  feed  system  cycled  over  4,000  times  with¬ 
out  a  single  failure. 

2.6  Incineration  testing.  The  incineration  testing  com¬ 
menced  on  19  September  1983.  Nineteen  daily  tests  were  completed 
in  20  consecutive  calendar  days  with  no  time  lost  due  either  to 
incineration  or  sampling  equipment  failure.  Table  2  provides  a 
summary  of  the  test  dates  and  controlled  process  variables  for 
each  of  the  19  test  runs.  Since  explosives  contaminated  soils 
had  never  been  incinerated  previously,  a  preliminary  test  run 
(Test  Run  No.  1)  was  conducted  at  the  proposed  maximum  soil  feed 
rate  (500  pounds  per  hour)  and  the  proposed  minimum  primary  kiln 


temperature  (SOOOp)  to  determine  whether  explosives  break¬ 
through  would  be  detectable  in  the  stack  gas.  Explosives  were 
not  detected  in  the  stack  gas;  however,  low  concentrations  of 
explosives  were  detected  in  the  primary  kiln  ash  (6.48  ppm),  in 
the  fabric  filter  ash  (26.27  ppm),  and  in  the  flue  gas  entering 
the  secondary  chamber  (195.9  ppm).  Therefore,  all  subsequent 
tests  were  run  at  lower  soil  feed  rates  and  higher  primary  kiln 
temperatures  to  ensure  that  no  explosives  would  be  released  to 
the  environment. 

After  the  formal  testing  was  completed  on  8  October  1983, 
an  additional  25,000  pounds  of  lagoon  soils  were  incinerated 
from  10  to  15  October  1983  (64  actual  hours  of  processing  soil). 
The  objectives  of  burning  the  additional  lagoon  soils  were  two¬ 
fold: 

(a)  Thermally  treat  all  lagoon  soils  that  had  been  excavat¬ 

ed  but  not  required  during  the  formal  testing. 

(b)  Determine  the  operational  characteristics  of  the  incin¬ 

erator  system  under  a  longer  term,  steady-st"te  pro¬ 
duction  mode  of  operation. 


3.  TEST  SITE 


The  incineration  test  was  conducted  at  the  Savanna  Army  De¬ 
pot  Activity  (SADA)  which  is  located  near  Savanna,  Illinois.  The 
location  of  SADA  is  identified  on  the  map  represented  in  Figure 
6.  The  incinerator  test  site  is  shown  in  Figure  7.  The  relation¬ 
ship  between  the  lagoons  from  which  the  soil  was  excavated  and 
the  incinerator  test  site  is  shown  in  Figure  8. 

The  selection  of  the  test  site  was  somewhat  predicated  by 
the  selection  of  contaminated  soils  that  were  to  be  incinerated. 
The  options  evaluated  included: 

(a)  Testing  at  SADA  which  would  require  manifesting  the 

LAAP  soils. 

(b)  Testing  at  LAAP  which  would  require  manifesting  the 

SADA  soils. 

(c)  Testing  at  another  U.S.  Army  installation  which  would 

require  manifesting  both  soils. 

(d)  Testing  at  a  commercial  incineration  facility  which 

would  also  require  manifesting  both  soils. 

Performing  the  incineration  test  burn  at  SADA  using  a  tempo¬ 
rary,  transportable  incinerator  was  the  selected  option  for  the 
following  reasons; 

(a)  Based  on  discussions  with  the  Illinois  EPA  and  EPA,  Re¬ 

gion  V,  both  agencies  indicated  that  they  would  be 
more  receptive  to  approving  a  temporary,  short-term 
trial  burn  on-site  rather  than  revising  the  permit 
for  an  existing  facility  to  allow  burning  of  explo¬ 
sives  contaminated  lagoon  soils. 

(b)  There  was  less  probability  of  adverse  public  reaction/ 

public  hearings  if  the  material  was  burned  on-site 
in  a  temporary  incinerator  rather  than  at  a  commer¬ 
cial  facility. 

(c)  The  government  would  potentially  be  exposed  to  a  higher 

degree  of  liability  by  performing  the  test  off-site 
at  a  subcontractor's  facility. 

(d)  The  government  would  have  less  control  of  the  safety 

procedures  by  performing  the  test  off-site. 

(e)  Additional  handling,  transportation,  and  storage  of  the 

lagoon  soils  would  be  required  by  performing  the  test 
off-site  which  increases  the  potential  risk  regard¬ 
ing  safety  of  personnel  and  equipment. 
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FIGURE  6  LOCATION  MAP  OF  SAVANNA  ARMY  DEPOT  ACTIVITY 


FIGURE  7  PLOT  PLAN  OF  SAVANNA  ARMY  DEPOT  ACTIVITY 
WITH  INCINERATOR  TEST  SITE  IDENTIFIED 


FIGURE  8  LOCATION  MAP  OF  LAGOONS  AND  INCINERATOR  TEST  SITE 


Pertorminq  the  test  Ducn  on-site  with  a  transoor table 
unit  more  closely  simulates  the  full-scale  remedial 
incineration  option  and  minimizes  future  environmen¬ 
tal  permittinq  if  this  remedial  action  option  is  im¬ 
plemented. 
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4.  CHARACTERISTICS  OF  EXPLOSIVES  CONTAMINATED  SOIL 


In  the  19  May  1980  Federal  Register,  page  33123,  K044 

(wastewater  treatment  sludges  from  the  manufacturing  and  proc¬ 
essing  of  explosives)  is  listed  as  s  hazardous  waste  because  it 
exhibits  the  characteristic  of  reactivity.  The  characteristic 
of  reactivity  is  defined  in  40  CFR  261.23  as  exhioiting  any  of 
the  following  properties: 

(a)  Normally  unstable  and  readily  undergoes  violent  change 

without  detonating. 

(b)  Reacts  violently  with  water. 

(c)  Forms  potentially  explosive  mixtures  with  water. 

(d)  When  mixed  with  water,  generates  toxic  gases,  vapors, 

or  fumes  in  a  quantity  sufficient  to  present  a  danger 
to  human  health  or  the  environment. 

(e)  A  cyanide-  or  sulfide-bearing  waste  which,  when  exposed 

to  pH  conditions  between  2  and  12.5,  can  generate 
toxic  gases,  vapors,  or  fumes  in  a  quantity  suffi¬ 
cient  to  present  a  danger  to  human  health  or  the  en¬ 
vironment  . 

(f)  Capable  of  detonation  or  explosive  reaction  if  subject¬ 

ed  to  a  strong  initiating  source  or  if  heated  under 
confinement . 

(g)  Readily  capable  of  detonation  or  explosive  decomposi¬ 

tion  or  reaction  at  standard  temperature  and  pres- 


r? 


(h) 


sure. 

A  forbidden  explosive  as  defined  in  49  CFR  173.51,  or  a 
Class  A  explosive  as  defined  in  49  CFR  173.53,  or  a 
Class  B  explosive  as  defined  in  49  CFR  173.88. 


The  lagoon  soils  also  contain  explosives  and  products  of  ex¬ 
plosives  decomposition  that  are  specifically  listed  in  40  CFR 
261,  Appendix  VIII,  as  hazardous  constituents.  These  Appendix 
VIII  hazardous  constituents  could  potentially  include  the  fol¬ 
lowing: 


(a) 

(b) 

(c) 

(d) 

(e) 


Dinitrobenzene  (DNB) 

2, 4-Dinitrotoluene  (2,4-DNT) 
2 ,6-Dinitrotoluene  (2,6-DNT) 
Nitrobenzene  (NB) 
Trinitrobenzene  (TNB) 
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In  order  to  gain  as  much  meaningful  information  from  the 
lECS  testing  orogram  as  is  practical  and  to  allow  proper  sta¬ 
tistical  interpretation  of  the  results*  it  was  decided  that  the 
entire  series  of  test  runs  would  be  replicated  using  a  soil  from 
another  U.S.  Army  installation  with  properties  and  characteris¬ 
tics  widely  varying  from  those  of  the  SADA  soil.  The  Louisiana 
Army  Ammunition  Plant  (LAAP)  was  selected  as  the  second  source 
of  contaminated  soils.  Table  3  provides  the  SADA  soil  analyses 
based  on  composite  sampling  conducted  during  10  separate  incin¬ 
erator  test  burns.  Table  4  provides  comparative  data  for  the 
LAAP  soil  based  on  composite  sampling  conducted  during  nine 
separate  incinerator  test  burns.  Data  for  the  individual  test 
burns  are  provided  in  Appendix  A. 

As  shown  in  Tables  3  and  4  these  two  soils  provide  widely 
varying  ranges  of  properties.  Typically*  the  SADA  soil  is  a 
drier*  sandy  soil  with  higher  TNT  concentrations  but  little  or 
no  HMX  or  RDX*  whereas  the  LAAP  soil  is  typically  a  more  con¬ 
sistent*  moist*  clay-based  soil  with  relatively  higher  IMX  and 
RDX  concentrations*  and  slightly  higher  metals  content. 
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TABLE  3 


SAVANNA  ARMY  DEPOT  ACTIVITY  SOIL  ANALYSIS 


¥ 


Total  Analysis 


Parameter 


Moisture,  % 

Ash,  %  as  received 
Ash,  %  dry  basis 

Heatinq  Value,  Btu/lb  as  received 


Ranqe  of  values 


Detection 
limi t^ 


11.7 

44.5 

60.5 
Nd2 


26.3 

82.5 

y5.6 

2,364 


Elemental  Analysis 

(Dry  Weiqht  Basis) 

De tection 

Parameter 

Ranqe  of  values 

limit 

Sulfur,  % 

ND 

0.01 

Carbon,  % 

2.68  -  12.70 

--- 

Hydroqen,  % 

0.28  -  0.79 

— 

Nitroqen,  % 

1.01  -  6.03 

— 

Total  Chlorine,  % 

ND  -  0 . 12 

0  .01 

Heavy  Metals  Content 

(Dry  Weiqht  Basis) 

Detection 

Parameter 

Ranqe  of  values 

limit 

Barium  (Ba) ,  pom 

17  -  29 

^  mm  mm 

Cadmium  (Cd) ,  ppm 

ND 

3.9 

Chromium  (Cr),  ppm 

ND  -  13 

5.9 

Copper  (Cu) ,  ppm 

ND  -  30 

10.4 

Lead  (Pb) ,  ppm 

16  -  100 

— 

Zinc  (Zn),  ppm 

32  -  160 

— 

Arsenic  (As),  ppm 

ND 

5.7 

Selenium  (Se),  opm 

ND 

5.0 

Mercury  (Hq),  ppm 

ND 

0.5 

4523A 


2»4 ,6-Trinitrotoluene  (TNT), 

ppm 

8B,100  -  406,000 

- 

HNX^,  ppm 

ND 

15 

RDX^,  ppm 

28.6  -  145 

-< 

1 ,3 ,5-Trinitrobenzene  (TNB) , 

ppm 

90.7  -  256 

1,3-Dinitrobenzene 

(DNB) ,  ppm 

ND  -  35.1 

7 

Nitrobenzene  (NB) , 

ppm 

ND 

5 

2-Amino-4 ,6-Din itro toluene 

(2- Amino),  ppm 

ND  -  27.9 

3 

2, 6-Dinitrotoluene 

(2,6-DNT)  , 

ppm 

ND 

5 

2, 4-Dinitrotoluene 

(2,4-DNT)  , 

ppm 

ND 

5 

^Detection  limit  listed  only  for  parameters  not  detected. 

^ND  -  Not  detected  (i.e*.  sample  concentration  below  the  detec¬ 
tion  limit). 

^Refer  to  Appendix  0  for  the  structures  of  HMX  and  RDX. 
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TABLE  4.  LOUISIANA  ARMY  AMMUNITION  PLANT  SOIL  ANALYSIS 


Total  Analysis 


Parameter 

Range  of 

values 

Detection 

limit^ 

Moisture,  % 

25.1  - 

2S.5 

^  ,  _ 

Ash.  %  as  received 

54.  3  - 

66  .U 

— 

Ash.  %  dry  basis 

77.1  - 

88.1 

— 

Heating  Value.  Btu/lb  as  received 

582  -  1 

.172 

“  •  “ 

Elemental  Analysis 

(Dry  Weight 

Basis) 

Parameter 

Range 

of  values 

Detection 

limit 

Sulfur.  % 

Nd2  - 

0.01 

0.01 

Carbon.  % 

5.08  - 

7.66 

— 

Hydrogen . 

% 

0.66  - 

1.05 

— 

Nitrogen. 

% 

2.52  - 

6.72 

Ttotal  Chlorine.  % 

ND  - 

0.37 

0.01 

Heavy  Metals  Content 

(Dry  Weight  Basis) 

Parameter 

Range  of  values 

Detection 

limit 

Barium  (Ba) .  ppm 

»8  -  150 

w  M  0 

Cadmium  (Cd) .  ppm 

ND  -  13 

3.y 

Chromium  (Cr).  ppm 

17  -  23 

— 

Copper  (Cu) .  ppm 

42  -  65 

— 

Lead  (Pb) .  ppm 

100  -  160 

— 

Zinc  (Zn).  ppm 

140  -  310 

— 

Arsenic  (As),  ppm 

ND 

5.7 

Selenium  (Se).  ppm 

ND 

5.0 

Mercury  (Hg).  ppm 

2.  2  -  3.  4 

* 

2ik 
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TABLE  4.  (C30NTINUED) 


Explosives  Analysis  (Dry  Weight  Basis) 


Parameter 

Range  of 

values 

Detection 

limit 

2.4,6-Trinitrotoluene  (TNT),  ppm 

55,100  - 

142,000 

HMX^,  ppm 

5,740  - 

13,500 

— 

RDX^ ,  pom 

33,100  - 

96,500 

— 

1 ,3 .S-Trinitrobenzene  (TNB) ,  pom 

57.0  - 

139 

— 

1,3-Dinitrobenzene  (DNB) ,  oom 

ND  - 

22.  4 

7.39 

Nitrobenzene  (NB) ,  ppm 

2-Amino-4 ,6-Dinitr o toluene 

ND 

5.  26 

(2-Amino),  Pom 

ND  - 

588 

3.64 

2, 6-Dinitrotoluene  (2,6-DNT),  oom 

ND 

5  .03 

2, 4-Dinitrotoluene  (2,4-DNT),  oom 

ND 

5.20 

^Detection  limit  listed  only  tor  parameters  not  detected. 

2nd  -  Not  detected  (i.e.,  sample  concentration  below  the  de¬ 
tection  limit). 

^Refer  to  Appendix  D  for  the  structures  of  HMX  and  RDX. 
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b.  DESCRIPTION  OF  THE  INCINERATION  TEST  EQUIPMENT 

WESTON  evaluated  44  potential  incinerator  equipment  suppli¬ 
ers  located  in  16  states,  and  selected  ThermAll,  Inc.  of  Pea- 
pack,  New  Jersey  as  the  recommended  incineration  equipment  sub¬ 
contractor.  A  layout  of  the  ThermAll  incineration  equipment  is 
illustrated  in  Figures  9  and  10.  As  shown  in  Figure  10,  the  sys¬ 
tem  components  include  the  following: 

(a)  Soil  Feed  System 

(b)  Primary  Combustion  Chamber  (Rotary  Kiln) 

(c)  Secondary  Combustion  Chamber  (Afterburner) 

(d)  Heat  Exchanger 

(e)  Fabric  Filter  Collector 

(f)  Induced  Draft  Fan  and  stack 

5.1  Soil  feed  system.  The  soil  feed  system  selected  and 
designed  for  this  test  consisted  of  a  pneumatic  ram  feeder  uti¬ 
lizing  a  standard  12  quart  galvanized  steel  mop  pail  to  contain 
the  contaminated  soil  (see  Figure  9).  This  system  was  selected 
for  the  following  reasons: 

(a)  Traditional  feed  systems  (e.g.,  screw  feeders,  ram 

feeders,  etc. )  would  expose  the  contaminated  soil  to 
frictional  forces  and/or  confinement  which  was  unac¬ 
ceptable  from  an  explosives  safety  perspective. 

(b)  The  mop  pail  provided  a  convenient  container  for  exca¬ 

vating  the  soils,  transporting  the  soils  to  the  site, 
and  loading  into  and  unloading  from  the  feed  system 
with  minimum  potential  for  personnel  contact  or 
spillage  resulting  in  contamination  of  clean  areas. 

Figure  11  is  a  photograph  taken  inside  of  the  primary  cham¬ 
ber  showing  the  feed  system  in  operation.  The  design  of  materi¬ 
als  handling  and  incinerator  feed  systems  for  a  full-scale  reme¬ 
dial  action  project  is  the  subject  of  other  on-going  USATHAMA 
studies  and  will  not  be  addressed  in  this  report. 

5.2  Primary  combustion  chamber  (rotary  kiln).  The  primary 
combustion  chamber  Is  a  rotatable  ref r act or y- lined  cylinder 
which  IS  mounted  at  a  slight  incline  to  the  horizontal.  The 
chamber  size  is  approximately  4.5  feet  outside  diameter  by  8.5 
feet  in  length.  Tne  rotation  of  the  chamber  was  variable  via  a 
Silicon  Controlled  Rectifier  (SCR)  drive  between  0  and  4  rpm. 
Facing  the  feed  end  of  the  primary  chamber,  the  kiln  rotated  in 
a  counter-clockwise  direction  so  that  the  freshly  fed  soil  ro¬ 
tated  directly  into  the  flame  (see  Figure  11). 
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FIGURE  9  CUTAWAY  SECTIONAL  VIEW  OF  THE  THERMALL  INCINERATOR 
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The  chamber  volume  of  75  cubic  feet  is  further  complemented 
by  the  end  panel  volume  of  15  cubic  feet  for  an  actual  combus¬ 
tion  volume  of  90  cubic  feet.  Primary  combustion  chamber  temper¬ 
atures  were  variable  and  determined  by  the  heat  content  of  the 
soil  as  well  as  a  modulating  propane-fired  burner  mounted  on  the 
front  panel  of  the  kiln. 

In  order  to  maintain  a  specific  processing  temperature,  the 
burner  automatically  fired  or  remained  in  low-fire  mode  if  the 
temperature  could  be  maintained  by  the  soil  alone.  The  burner  is 
rated  at  1.5  million  Btu  per  hour.  Air  seals  are  permanently 
fixed  on  the  rear  of  the  kiln  and  are  variable  on  the  front  of 
the  kiln  so  that  a  wide  range  of  excess  air  capability  was 
available.  Normal  kiln  temperature  ranges  are  between  800°F 
and  1,900Of. 


The  end  panel  is  a  stationary  refractory-lined  structure 
which  connects  the  primary  combustion  chamber  (rotary  kiln)  to 
both  the  ash  discharge  and  the  secondary  combustion  chamber. 
The  lower  section  of  the  panel  has  an  18-inch  by  25-inch 
opening  which  allows  the  ash  generated  in  the  kiln  to  automati¬ 
cally  discharge  to  a  DOT-approved  55-gallon  drum  ash  receptacle. 
Ash  drum  removal  occurred  periodically  during  the  test  runs  and 
allowed  continuous  feeding  of  the  system  without  stopping  for 
ash  removal.  The  upper  section  of  the  end  panel  connects  to  the 
secondary  combustion  chamber. 

5.3  Secondary  combustion  chamber  (afterburner).  The  sec¬ 
ondary  combustion  chamber  is  a  stationary  refractory-lined  cyl¬ 
inder  connected  to  the  primary  combustion  chamber  via  the  end 
panel.  The  chamber  houses  a  second  modulating  propane-fired 
burner  which  was  controlled  by  a  thermocouple  located  in  the 
discharge  duct  of  the  chamber.  The  burner  is  positioned  in  the 
entry  to  the  chamber  in  a  tangential  arrangement  so  that  the 
waste  gases  discharged  from  the  end  panel  passed  through  the 
flame  and  provided  additional  turbulence  to  these  gases.  The 
chamber  is  lined  with  high  alumina  refractory,  allowing  tempera¬ 
tures  of  UP  to  3,000°F.  The  chamber  volume  is  approximately 
90  cubic  feet,  and  residence  time,  depending  on  gas  tempera¬ 
tures,  varied  between  1.0  and  2.0  seconds.  As  with  the  primary 
combustion  chamber,  the  burner  provided  1.5  million  Btu  per  hour 
at  full  fire. 
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5.4  Heat  exchanger  (waste  heat  boiler)  .  The  flue  gases 
discharged  from  the  secondary  combustion  chamber  were  directed, 
via  refractory-lined  duct  work,  to  a  heat  exchanger.  The  heat 
exchanger  was  utilized  to  recover  the  waste  heat  in  the  flue  gas 
in  the  form  of  low-pressure  steam  and,  more  importantly,  in  so 
doing  reduced  the  flue  gas  temperature  to  300  to  SSO^F.  Thus, 
the  flue  gas  was  cooled  without  the  use  of  dilution  air  and/or 
quench  water.  The  lowering  of  flue  gas  temperature  and  corre¬ 
sponding  flue  gas  volume  protected  the  fabric  filter  bags  and 
allowed  the  downstream  ductwork  and  equipment  to  be  of  reduced 
size  and  capital  cost.  The  waste  heat  boiler  is  of  the  three- 
pass  fire  tube  design. 

5.5  Fabric  filter  collector.  Particulate  matter  was  con¬ 
trolled  by  a  fabric  filter  manufactured  by  Micro  Pulse.  It  con¬ 
tains  64  "Huyglas"  (glass  and  Teflon)  bags  10  feet  long  by  4.5 
inches  in  diameter.  The  bags  were  precoated  with  CaC03 ,  pulse 
jet  cleaned,  and  designed  for  99-percent  control  down  to  a  par¬ 
ticle  diameter  of  0.5  urn.  The  bag  material  was  capable  of  with¬ 
standing  500Of  peak  temperature  and  a  sustained  maximum  tem¬ 
perature  of  425°F.  The  inlet  temperature  was  maintained  at  a 
minimum  of  300°F  to  avoid  acid  dew-point  problems. 

5.6  Induced  draft  fan  and  stack.  Following  the  fabric  fil¬ 
ter,  the  gas  passed  through  an  induced  draft  fan  (with  a  maximum 
flow  rate  of  2,800  acfm) ,  a  damper,  and  then  to  a  24-foot  tall 
by  12-inch  diameter  unlined  stack.  The  duct  work  leaving  the 
heat  exchanger  contained  a  motorized  damper  which  was  electri¬ 
cally  driven  from  the  draft  signal  generated  in  the  end  panel. 
Thus,  draft  was  automatically  maintained  throughout  the  system 
operation. 

A  dump  stack  was  provided  immediately  upstream  of  the  heat 
exchanger  in  case  emergency  bypass  was  required.  Upon  loss  of 
system  electrical  power,  the  dump  stack  opened  to  provide  natu¬ 
ral  draft  to  evacuate  the  hot  gases  from  the  incinerator.  This 
is  not  a  normal  mode  of  operation  and  incinerator  shutdown  pro¬ 
cedures  would  commence  immediately. 
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6.  EXPERIMENTAL  VARIABLES 

In  order  to  properly  design  and  implement  any  field  test, 
important  questions  must  be  answered  so  that  the  data  obtained 
during  the  experiment  can  be  evaluated  and  meaningful  results 
obtained.  These  questions  are: 

(a)  What  are  the  experimental  variables  for  the  test? 

(b)  Which  test  variables  can  be  easily  controlled  and  held 

constant  throughout  the  tests? 

(c)  Which  test  variables  are  most  critical  to  the  analysis 

and  can  be  controlled  and  held  constant  at  various 
levels  throughout  the  tests? 

(d)  Which  test  variables  are  impractical  to  control  and 

must  be  allowed  to  vary  randomly  throughout  the 
tests? 

(e)  What  are  the  response  variables  (i.e.,  the  measurements 

that  will  be  made  throughout  the  tests)? 

This  section  of  the  report  provides  a  summary  of  the  ap¬ 
proach  taken  to  answer  these  questions.  Table  5  provides  a  sum¬ 
mary  of  the  experimental  variables  for  the  lECS  test  burn  pro¬ 
gram.  The  following  subsections  describe  each  of  the  experiment¬ 
al  variables  listed  in  Table  5. 

6.1  Test  variables  to  be  controlled  and  held  constant. 

6.1.1  soil  preparation.  It  was  important  to  establish  a 
consistent  soil  preparation  procedure  so  that  variability  in  the 
manner  in  which  the  soil  was  removed  from  the  lagoons  and  han¬ 
dled  prior  to  introduction  into  the  feed  system  did  not  bias  the 
results  of  the  incineration  tests. 

6. 1.1.1  Preparation  of  the  SADA  soils.  There  are  six  la¬ 
goons  located  at  SADA  (four  lower  lagoons  and  two  upper  la¬ 
goons).  The  SADA  soil  for  the  lECS  test  burns  was  excavated 
from  the  upper  lagoons  (specifically  Lagoon  No.  5)  for  the 
following  reasons: 

(a)  The  explosives  concentrations  are  higher  in  the  upper 

lagoons. 

(b)  There  is  less  susceptibility  for  standing  water  in  the 

upper  lagoons,  a  condition  which  would  impede  excava¬ 
tion  of  the  soils. 

(c)  There  is  less  deoris  (i.e.,  leaves,  sticks,  rocks, 

etc.)  in  the  soil  from  the  upper  lagoons,  which  im¬ 
proves  the  materials  Handling  characteristics. 
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Incinerator  Feed  Rate 
Primary  Chamber  Temperature 
Secondary  Chamber  Temperature 

Test  Variables  Allowed  to  Vary  Randomly 


The  SADA  soil  was  excavated  manually  using  plastic  shovels. 
Prior  to  excavation,  the  soil  was  surveyed  with  a  magnetometer 
to  detect  any  metal  objects/unexploded  ordnance.  The  soil  was 
loaded  directly  into  the  12-quart  mop  pails  and  transported  to 
the  incineration  test  site  in  the  back  of  a  pick-up  truck  that 
had  a  specially  designed  "egg  crate"  wooden  frame  that  held  30 
buckets  securely.  At  the  incineration  test  site,  the  buckets 
were  stored  on  plastic  sheeting  and  covered  with  plastic  until 
loaded  into  the  feed  system.  The  soil  was  excavated  daily  for 
the  following  day's  test. 

The  soil  feed  rate  was  determined  by  weighing  each  individu¬ 
al  bucket  before  and  after  feeding  to  obtain  an  actual  net 
weight  of  soil  fed.  A  sample  was  taken  from  each  individual 
bucket  prior  to  weighing.  The  feed  samples  were  then  combined  to 
form  a  composite  sample  for  each  run. 

6. 1.1.2  Preparation  of  the  LAAP  soils.  The  LAAP  soils  were 
excavated  by  LAAP  personnel,  manifested,  and  transported  to  the 
incineration  test  site  in  DOT-approved ,  55-gallon  drums  with 
plastic  liners.  Fifty  drums  of  soils  were  manifested  and  shipped 
simultaneously  and  were  unloaded  on  wooden  pallets  in  the  upper 
lagoon  area. 

The  LAAP  arums  were  individually  dumped  into  a  galvanized 
steel  tank  by  a  fork  lift  with  a  specially  designed  lifting 
harness.  The  LAAP  soils  were  manually  loaded  into  12-quart  mop 
pails  using  aluminum  scoops.  All  metal  objects  (i.e.,  ammunition 
box  hinges,  flashlight  batteries,  etc.)  were  removed.  The  LAAP 
soils  were  transported  to  the  incineration  test  site  and  fed  to 
the  incinerator  in  the  same  manner  described  for  the  SADA  soils. 

6.1.2  Kiln  rotation  rate.  The  kiln  rotation  rate  was  an 
important  factor  in  establishing  the  soils  residence  time  within 
the  primary  combustion  chamber.  This  parameter  was  held  at  a 
constant  value  of  approximately  four  revolutions  per  hour  for 
all  of  the  test  runs.  This  corresponded  to  an  ash  residence  time 
in  the  primary  chamber  of  approximately  50  minutes  to  2  hours. 

6.1.3  Fuel  composition.  The  fuel  for  the  burners  in  the 
primary  and  secondary  combustion  chambers  was  propane.  The  pro¬ 
pane  was  stored  at  the  test  site  in  four  propane  storage  tanks 
provided  by  Thermogas.  The  propane  had  a  heating  value  of  21,560 
Btu  per  pound  or  approximately  2,500  Btu  per  cubic  foot. 
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6.2  Test  variables  held  constant  at  various  levels.  Three 
variables  were  selected  as  the  most  important  factors  in  evalu¬ 
ating  the  economic  feasibility  of  incineration  of  explosives 
contaminated  soils.  These  variables  were  incinerator  feed  rate 
and  primary  and  secondary  chamber  temperatuers.  These  factors 
directly  related  to  the  length  of  time  necessary  to  decontami¬ 
nate  a  fixed  quantity  of  soil  and  the  projected  fuel  consump¬ 
tion.  Therefore,  the  test  runs  included  three  separate  levels 
for  each  of  these  three  variables.  A  summary  of  the  test  dates 
and  controlled  process  variables  for  each  of  the  19  test  runs 
was  provided  in  Table  2.  The  following  subsections  discuss  the 
level  and  operating  ranges  for  these  three  variables. 

6.2.1  Incinerator  feed  rate.  The  test  plan^  was  devel¬ 
oped  assuming  the  use  of  a  screw  conveyor  to  feed  the  contami¬ 
nated  soils  into  the  incinerator.  However,  subsequent  soil  reac¬ 
tivity/sensitivity  testing  at  ABL  led  to  cancellation  of  the 
screw  conveyor  due  to  safety  considerations.  Feed  rates  of  up 
to  800  pounds  per  hour  were  proposed  for  the  screw  conveyor 
feed  system  since  it  would  meter  the  soil  into  the  primary 
chamber  in  a  consistent  fashion.  However,  with  the  bucket  feed 
system  used  for  the  lECS  test  runs,  the  feed  rate  had  to  be 
reduced  since  the  material  was  bulk  loaded  at  2-  to  3-minute 
intervals.  A  maximum  of  500  pounds  per  hour  was  proposed. 

Since  explosives  contaminated  soils  had  never  been  inciner¬ 
ated  previously,  a  preliminary  test  run  (Test  Run  No. 0-1)  was 
conducted  on  19  September  1983  at  the  proposed  maximum  soil  feed 
rate  (500  pounds  per  hour)  and  the  proposed  minimum  primary  kiln 
temperature  (800OF)  to  determine  whether  explosives  break¬ 
through  would  be  detectable  in  the  stack  gas.  No  explosives  were 
detected  in  the  stack  gas;  however,  the  following  adverse  re¬ 
sults  did  occur: 

(a)  Explosives  were  detected  in  the  kiln  ash  (6.48  ppm). 

(b)  Explosives  were  detected  in  the  fabric  filter  ash  j 

(26.27  ppm ) . 

(c)  Explosives  were  detected  in  the  flue  gas  entering  the 
secondary  chamber  (195.9  ppm). 

(d)  Based  on  physical  observations  the  soil  did  not  appear 
to  burn  well  (see  subsection  7.5.3). 

(e)  The  kiln  ash  was  black  with  large  "clinkers"  up  to  6 
inches  in  diameter. 

(f)  The  ash  had  a  strong  ammonia  smell. 
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For  these  reasons  it  was  decided  that  all  subsequent  runs 
would  be  conducted  at  feed  rates  no  higher  than  400  pounds  per 
hour  and  primary  chamber  temperatures  no  lower  than  1,200°? 
to  ensure  that  further  contamination  of  downstream  equipment 
(i.e.,  waste  heat  boiler,  fabric  filter,  etc.)  would  be  mini¬ 
mized  and  to  ensure  that  no  explosives  would  be  released  to  the 
atmosphere.  Therefore,  the  feed  rates  selected  for  evaluation 
were  300,  350,  and  400  pounds  per  hour. 

6.2.2  Primary  chamber  temperature.  Primary  chamber  temper¬ 
atures  could  be  varied  between  800°F  and  1,900°F.  However, 
due  to  the  discussion  presented  in  Subsection  6.2.1,  the  poten¬ 
tially  high  moisture  content  of  the  soil,  the  fact  that  previous 
studies  have  shown  that  explosives  volatilize  at  relatively  low 
temperatures,  and  the  presence  of  the  afterburner  downstream, 
the  kiln  temperatures  selected  for  evaluation  were  1,200°F, 
1,400°F,  and  1,6U0°F.  Additionally,  these  temperatures 
would  be  practical  for  future  full-scale  remedial  action  proj¬ 
ects. 


6.2.3  Secondary  chamber  temperature.  The  secondary  chamber 
burner  limited  operation  to  a  maximum  of  2,200°F.  The  second¬ 
ary  chamber  temperatures  selected  for  evaluation  were 
1,600°?,  1,800°F,  and  2,000°F.  For  the  IBCS  test  program 
it  was  established  that  for  all  test  runs  the  secondary  chamber 
would  be  operated  at  400°F  above  the  primary  chamber  tempera¬ 
ture.  This  decision  was  made  for  the  following  reasons: 

(a)  Introduction  of  a  fourth  controlled  variable  would  in¬ 

crease  the  number  of  matrix  runs  required  from  18 
(i.e.,  kiln  temperature  -  three  levels,  soil  feed 
rate  -  three  levels,  and  soil  type  -  two  levels)  to 
54  which  would  be  impractical. 

(b)  Variation  of  the  secondary  chamber  temperature  inde¬ 

pendent  of  the  Kiln  temperature  is  not  practical 
since  the  afterburner  cannot  be  operated  at  a  lower 
temperature  than  the  kiln  without  cooling  the  gas, 
and  the  maximum  amount  of  incremental  temperature  in¬ 
crease  is  limited  by  the  capacity  of  the  secondary 
burner . 

(c)  Industrial  practice  with  rotary  kiln  incinerators  has 

shown  that  operation  of  the  secondary  chamber  at  ap¬ 
proximately  200  to  400°?  above  the  kiln  tempera¬ 
ture  provides  for  cost-effective  supplementary  fuel 
utilization  consistent  with  effective  destruction  of 
flue  gas  contaminants  (i.e.,  carbon  monoxide  and  hy¬ 
drocarbons)  . 
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6.3.1  Soil  feed  composition.  The  explosives,  moisture, 
and  metals  concentrations  in  the  soils  were  the  "as  received" 
levels  and  no  attempt  was  made  to  adjust  these  variables.  Two 
distinctively  different  types  of  soils  were  tested  from  two  sep¬ 
arate  Army  installations.  The  characteristics  of  the  soils  were 
presented  in  Section  4. 

6.3.2  Kiln  ash  residence  time.  The  kiln  ash  residence  time 
was  a  function  of  incinerator  feed  rate,  kiln  rotation  rate,  the 
ash  density,  and  the  angle  of  repose  of  the  material.  Since  the 
kiln  rotation  rate  was  held  relatively  constant  at  four  revolu¬ 
tions  per  hour,  the  primary  factors  affecting  kiln  ash  residence 
time  was  ash  characteristics  (i.e.,  density  and  angle  of  repose) 
and  feed  rate.  As  shown  in  Subsection  7.2.3,  tne  kiln  ash  resi¬ 
dence  time  varied  from  54  to  114  minutes  for  the  SADA  test  runs 
and  from  49  to  120  minutes  for  the  LAAP  test  runs. 

6.3.3  Flue  gas  residence  time.  The  flue  gas  residence  time 
within  the  secondary  chamber  was  a  function  of  fuel  burn  rate, 
amount  of  organics  oxidized  from  the  soil,  the  soil  moisture 
content,  the  amount  of  excess  air,  and  the  secondary  combustion 
chamber  temperature  and  volume.  As  shown  in  Subsection  7.2.4, 
the  flue  gas  residence  times  in  the  secondary  combustion  chamber 
varied  from  1.0  to  2.0  seconds. 

6.3.4  Percent  excess  air.  The  percent  excess  air  is  a 
measure  of  the  amount  of  additional  oxygen  available  above  and 
beyond  the  amount  required  for  stoichiometric  combustion  of  the 
fuel  and  oxidation  of  the  organics  in  the  sediment.  Due  to  the 
high  degree  of  variability  of  organics  content  of  the  soil 
(i.e.,  explosives  concentration),  no  attempt  was  made  to  main¬ 
tain  constant  excess  air  levels.  However,  to  ensure  an  adequate 
supply  of  combustion  air  to  oxidize  the  explosives  in  the  soil 
and  the  flue  gas,  excess  air  rates  of  100  to  over  200  percent 
were  provided  in  the  primary  combustion  chamber.  Excess  flow 
rates  in  the  flue  gas  leaving  the  secondary  combustion  chamber 
were  approximately  100  percent. 

6.3.5  Fuel  input  rate.  Tne  fuel  input  rate  was  a  function 
of  the  heat  content  of  the  soil  (i.e.,  explosives  concentra¬ 
tion),  the  moisture  content  of  the  soil,  the  air  flowrate,  heat 
losses,  and  the  selected  primary  and  secondary  combustion  cham¬ 
ber  temperatures.  Once  the  incinerator  reached  steady-state  con¬ 
ditions,  the  primary  and  secondary  chamber  burners  modulated,  as 


required,  to  automatically  maintain  the  temperature  set  points. 

Total  fuel  input  rates  varied  from  500  to  1,300  cubic  feet  per 
hour  of  propane  during  the  test  runs. 

6.4  Response  variables.  The  response  variables  are  the 
various  ash  residue  and  flue  gas  analyses  as  shown  in  Figure  5.  ^ 

The  detailed  sampling  and  analysis  techniques  employed  were  pre- 
sented  in  a  previous  document^  and  will  not  be  repeated  in 
this  report. 

There  was  only  one  deviation  from  the  referenced  sampling 
and  analysis  plan^.  The  on-site  total  hydrocarbon  analyses 
were  performed  on  aliquots  of  the  integrated  gas  samples  col¬ 
lected  in  the  EPA  Method  3  sampling  trains  rather  than  on  the  ^ 

explosives/hydrocarbon  train  bag  samples  as  originally  planned. 

This  procedure  change  was  necessitated  because  the  bag  samples 
from  the  explosives/hydrocarbon  trains  picked-up  acetonitrile  ^ 

vapors  (from  sample  recovery  activities)  which  interferred  with  ■ 

the  determination  of  total  hydrocarbons. 

Acetonitrile  was  confirmed  in  the  bag  samples  from  the  ex¬ 
plosives/hydrocarbons  trains  which  were  sent  to  WESTON' s  West 
Chester,  Pennsylvania  laboratories.  No  other  deviations  from  the 
sampling/testing  and  analysis  plan  were  necessary. 
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7. 


PRESENTATION  OF  TEST  BURN  DATA 


7.1  Summary  of  test  burn  data.  The  test  burn  dates  and 
controlled  process  variables  (i.e.,  soil  feed  rate  and  primary 
and  secondary  chamber  temperatures)  were  summarized  in  Table  2. 
Figures  12  and  13  provide  the  average  data  for  the  nine  test 
burns  on  SADA  soil  (Test  Matrix  Nos.  1-1  to  1-9)  and  the  nine 
test  burns  on  LAAP  soil  (Test  Matrix  Nos.  2-1  to  2-9),  respec¬ 
tively.  These  figures  summarize  the  data  in  a  material  balance 
format  and  provide  a  complete  summary  of  the  composition  of  the 
feed  and  waste  streams  and  the  flue  gas  sampling  results.  An  in¬ 
dividual  material  balance  diagram  for  each  of  the  18  test  burns 
summarized  in  Figures  12  and  13,  as  well  as  the  preliminary  test 
burn  (Test  Matrix  No.  0-1)  is  provided  in  Appendix  A. 

7 . 2  Presentation  of  data  and  calculation  procedures. 

7.2.1  Emission  testing  periods.  Table  6  summarizes  the  ac¬ 
tual  emission  testing  periods  and  propane  fuel  consumption  of 
the  primary  and  secondary  burners.  The  emission  testing  periods 
shown  on  Table  6  do  not  include  the  pre-test  warm-up  and  post¬ 
test  cool-down  time.  The  pre-test  warm-up  took  up  to  3  hours  de¬ 
pending  on  the  required  kiln  temperature.  Once  the  desired  oper¬ 
ating  conditions  were  achieved  and  soil  feed  commenced,  equi¬ 
librium  conditions  were  maintained  for  60  minutes  prior  to 
starting  the  emission  testing.  As  shown  in  Table  6,  the  duration 
of  the  actual  emission  testing  ranged  from  approximately  2  to  3 
hours.  After  the  emission  testing  was  completed,  the  soil  feed 
was  discontinued  and  equilibrium  conditions  were  maintained  for 
an  additional  60  minutes  to  ensure  that  the  ash  in  the  kiln  was 
properly  processed.  The  post-test  cool-down  took  up  to  3  hours 
to  ensure  that  the  temperature  of  the  refractory  was  reduced 
gradually . 

The  propane  burn  rate  data  presented  in  Table  6  was  calcu¬ 
lated  based  on  the  gas  meter  readings  at  the  start  and  finish  of 
the  emission  test  period.  The  propane  burn  rate  is  for  both  the 
primary  and  secondary  burners  combined.  The  heating  value  of  the 
propane  was  21,560  Btu  per  pound  or  approximately  2,500  Btu  per 
standard  cubic  foot. 

7.2.2  Actual  soil  feed  rate  and  ash  production  data.  The 
actual  soil  feed  weights  and  the  respective  total  kiln  and  fab¬ 
ric  filter  ash  weights  are  listed  in  Table  7  for  each  of  the 
test  burns.  The  average  soil  feed  rate  for  each  test  was  calcu¬ 
lated  by  dividing  the  total  soil  fed  by  the  total  time  soil  was 
fed.  Although  these  average  feed  rates  do  not  account  for  in¬ 
stantaneous  feeding  surges  (i.e.,  one  bucket  of  soil  every  2  to 


Stream  Number  12  3  4  5  6  7  8 

Description  Combustion  Secondary  Fabric  Fabric 

Air  Soil  Kiln  Chamber  Filter  Filter  Stack 


Description  Combustion  Secondary  Fabric  Fabric 

A,r  Sou  Kiln  chamber  Filter  Filter  Stack 

(Total)  Peed  Ash  ,„,g,  Exhaust 


TABLE  b.  SUMMARY  OF  ACTUAL  EMISSION  TESTING  PERIODS 
AND  PROPANE  FUEL  CONSUMPTION 
(EXCLUDES  PRE-TEST  WARM-UP  AND  POST-TEST  COOL-DOWN) 


Matrix 

number 


Test 

date 


Emission 

testing 

start 

time 


Emission 

testing 

stop 

time 


Emission 

test 

duration 

(hr) 


Propane  burn 
rate  during 
emission  testing 
(ft^/hr) 


13:15 

16:30 

10:45 

13:10 

9:30 

11:45 

10:45 

13:30 

12:50 

15:06 

10:15 

12:42 

10:15 

12:44 

10:50 

11:29 

10:15 


1151.6 

1083.4 


11:15 

12:00 


11:00 

13:27 

10:15 

12:30 

10:30 

12:34 

1130.1 

1156.7 


1086.3 

1211.9 

1282.6 


3  minutes) ,  they  are  representative  due  to  the  relatively  long 
residence  time  of  the  ash  in  the  kiln.  The  calculated  average 
feed  rates  are  used  in  Section  9  to  analyze  the  data,  as  well  as 
similarly  calculated  kiln  and  fabric  filter  ash  discharge  rates. 


The  inconsistency  of  ash  removal  from  the  fabric  filter  is 
evidenced  by  the  amount  of  ash  (116  pounds  or  10  times  the  actu- 

filter  ash  discharged)  removed  during  the  dis- 
system.  This  ash  was  distributed  equally  among 
fabric  filter  ash  weights.  Due  to  the  potential 
with  this  assumption,  fabric  filter  ash  weights 
were  not  used  in  the  computerized  analysis  in  Section  9.  In¬ 
stead,  the  particulate  loadings  (in  grains  per  standard  cubic 
foot)  from  the  gas  sampling  location  upstream  of  the  fabric  fil¬ 
ter  were  used. 


al  daily  fabric 
manteling  of  the 
all  of  the  daily 
error  associated 


7.2.3  Estimated  primary  chamber  ash  residence  times.  The 
estimated  primary  chamber  ash  residence  times  for  each  of  the 
test  burns  on  SADA  soils  are  presented  in  Table  8  and  similarly 
for  the  test  burns  on  LAAP  soils  in  Table  9.  Ash  residence  time 
could  not  be  directly  measured  in  the  field.  Therefore,  the  fol¬ 
lowing  procedure  was  established  to  estimate  ash  residence  time. 


(a)  The  time  that  the  first  ash  drum  was  removed  (t^)  was 

recorded,  as  well  as  the  time  that  soil  feed 
commenced  (to). 

(b)  The  empty  ash  drum  was  weighed  before  the  test  and  the 

filled  ash  drum  was  weighed  again  after  it  was  re¬ 
moved  to  determine  the  net  ash  weight  (m^). 

(c)  The  height  of  the  ash  in  the  drum  was  measured  to  de¬ 

termine  the  volume  of  ash  in  the  drum  (V^). 

(d)  The  ash  density  was  estimated  by  dividing  the  net 

weight  of  ash  in  the  drum  by  the  volume  of  ash  in 
the  dr  urn  (m^/Vi  ) . 

(e)  The  volumetric  ash  production  rate  was  determined  by 

the  following  equation; 

[m . 

(t^)  X  (^) 

Where:  Mip  =  total  primary  chamber  ash,  lb  (Table  7) 
tp  =  total  time  soil  fed,  hr  (Table  7) 

(f)  The  volume  of  ash  in  the  kiln  {V^ )  was  determined  by 
the  following  equation; 


Vk 


(V)  X  (ti  -  to) 


(Vi  ) 
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iudes  28  minutes  of  feeding  background  sand  (132  lb  total)  which  effects 


(g)  The  ash  residence  time  in  the  kiln 
mined  by  the  following  equation: 


(Tr)  was  deter- 


T 


R 


(^)  X  (60 


min . 
hr  ' 


As  shown  in  Tables  8  and  9,  the  kiln  ash  densities  were 
quite  different  for  the  two  types  of  soil.  The  SADA  primary  kiln 
ash  density  was  generally  in  the  range  of  80  to  90  pounds  per 
cubic  foot,  whereas  the  LAAP  primary  kiln  ash  density  was  gen¬ 
erally  in  the  range  of  40  to  60  pounds  per  cubic  foot.  The  foot¬ 
notes  in  Tables  8  and  9  point  out  specific  test  runs  in  which 
uncontaminated  background  sand  was  fed  during  the  pre-test  warm¬ 
up  to  minimize  the  adherence  of  ash  to  the  kiln  refractory.  This 
is  discussed  more  thoroughly  in  Subsection  7.3. 


The  volume  of  ash  in  the  kiln  was  also  quite  different  for 
the  two  types  of  soil.  Since  the  kiln  rotation  was  held  constant 
for  all  tests  at  approximately  four  revolutions  per  hour  and 
since  the  feed  rates  and  kiln  temperatures  were  essentially  rep¬ 
licated  for  the  two  soils,  the  differences  in  the  volume  of  ash 
in  the  kiln  (i.e.,  generally  2  to  4  cubic  feet  for  the  SADA  kiln 
ash  compared  to  4  to  8  cubic  feet  for  the  LAAP  kiln  ash)  is  most 
likely  due  to  the  difference  in  the  "angle  of  repose"  of  the  two 
types  of  ash.  The  differences  between  the  two  types  of  kiln  ash 
are  discussed  more  thoroughly  in  Subsection  7.3.1. 


The  kiln  ash  residence  times,  on  the  other  hand,  were  com¬ 
parable  for  the  two  types  of  ash.  The  residence  times  varied 
from  54  minutes  to  114  minutes  for  the  SADA  kiln  ash  and  from 
53  minutes  to  120  minutes  for  the  LAAP  kiln  ash. 


7.2.4  Estimated  secondary  chamber  flue  gas  residence  time. 
The  estimated  secondary  chamber  flue  gas  residence  times  for 
each  of  the  test  burns  are  summarized  in  Table  10.  as  shown  in 
Table  10,  the  secondary  chamber  flue  gas  residence  times  ranged 
from  1.1  to  2.0  seconds.  These  estimated  flue  gas  residences 
times  are  based  on  the  secondary  chamber  volume  of  90  cubic 
feet,  and  do  not  include  any  credit  for  the  flue  gas  residence 
time  in  the  primary  chamber,  the  end  panel,  or  the  refractory- 
lined  ductwork  upstream  of  the  waste  heat  boiler. 

7.2.5  Explosives  concentrations  in  the  soil  feed,  ash  resi¬ 
dues,  and  stack  gas.  Prior  to  development  of  the  test  plan^, 
soil  core  samples  and  grab  samples  had  been  taken  from  each  of 
the  six  SADA  lagoons  as  part  of  the  Task  Order  1  effort.  The 
core  samples  were  either  5  or  1.5  feet  in  depth  and  explosives 
concentration  analyses  were  performed  on  samples  taken  at  6-inch 
intervals  throughout  the  depth  of  each  core  sample. 
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The  TNT  concentrations  found  in  the  core  samples  ranged  from 
200,000  ppm  (20  percent)  to  less  than  24  ppm  (the  detection  lim¬ 
it).  The  core  and  grab  samples  demonstrated  in  general  that; 

(a)  The  explosives  concentrations  tended  to  be  highest  in 

the  top  6  inches  of  soil. 

(b)  The  explosive  concentrations  in  the  top  6  inches  di¬ 

minished  with  distance  from  the  point  where  the 
wastewater  had  entered  the  lagoon. 

For  these  reasons,  it  was  decided  that  the  SADA  soil  would 
be  excavated  from  lagoon  No.  5  in  the  vicinity  where  the  waste- 
water  had  entered  the  lagoon  and  to  a  depth  not  to  exceed  ap¬ 
proximately  4  to  6  inches.  This  decision  was  made  to  maximize 
the  explosive  concentrations  in  the  feed  soil  so  that  an  explo¬ 
sives  DRE  of  99.99  percent  could  potentially  be  demonstrated 
within  the  detection  limits  of  the  stack  sampling  equipment.  As 
a  result,  the  TNT  concentrations  in  the  composite  feed  samples 
from  the  SADA  runs  were  much  higher  than  those  found  in  the  core 
samples.  As  shown  in  Table  11,  they  ranged  from  406,000  ppm 
(40.6  percent)  to  88,100  ppm  (8.81  percent).  Other  explosives  in 
the  SADA  soil  were  negligible  by  comparison. 

The  LAAP  soil,  on  the  other  hand,  had  quite  substantial  con¬ 
centrations  of  RDX  and  HMX,  as  well  as  TNT  as  shown  in  Table  11. 
Other  explosives  in  the  LAAP  soil  were  negligible  by  comparison. 

Table  12  summarizes  the  concentrations  of  explosives  in  the 
kiln  ash.  In  general,  the  only  explosives  detected  in  the  kiln 
ash  were  very  low  concentrations  of  TNT  ranging  from  not  detect¬ 
ed  to  less  than  30  ppm. 

Table  13  summarizes  the  concentrations  of  explosives  in  the 
fabric  filter  ash.  The  data  in  Table  13  should  not  be  analyzed 
on  a  run-by-run  basis.  A  compressed  air,  pulse- jet  cleaning  cy¬ 
cle  was  performed  on  the  fabric  filter  bags  before  and  after 
each  test  run,  and  the  ash  that  was  dislodged  from  the  bags  was 
removed  from  the  collection  hopper,  weighed,  and  analyzed.  How¬ 
ever,  there  was  no  assurance  that  the  ash  removed  from  the  hop¬ 
per  directly  corresponded  to  the  respective  test  run.  As  de¬ 
scribed  previously  in  Subsection  6.2.1,  explosives  breakthrough 
occurred  during  the  preliminary  Test  Run  No.  0-1  which  is  sup¬ 
ported  by  the  data  in  Table  13.  Chronologically,  the  next  three 
test  runs  were  matrix  Nos.  1-3,  1-1,  and  1-6.  Each  of  these  runs 
had  similar,  gradually  decreasing  levels  of  explosives  which  in¬ 
dicate  that  the  fabric  filter  bags  were  most  likely  contaminated 
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TABLE  11.  EXPLOSIVES  CONCENTRATIONS  IN  THE  FEED  SOIL 


Molecular  structure  of  explosives  is  presented  in  Appendix 
ND  -  Not  detected. 


TABLE  13.  EXPLOSIVES  CONCENTRATIONS  IN  THE  FABRIC  FILTER  ASH 
Explosives  concentrations^  (ppm,  dry  weight  basis) 


Matr  ix 

number  HMX  RDX  TNB  DNB  NB  2-Amino  TNT  2,6-DNT  2,4-DNT 


0-1 

4.30 

1.22 

11.1 

0.896 

3.55 

Nd2 

5.20 

ND 

ND 

1-1 

1.30 

ND 

4.07 

0.832 

ND 

ND 

2.08 

ND 

ND 

1-2 

ND 

ND 

ND 

ND 

ND 

ND 

2.65 

ND 

ND 

1-3 

ND 

1.57 

5.17 

ND 

ND 

ND 

2.62 

ND 

ND 

1-4 

ND 

ND 

2.52 

ND 

ND 

ND 

ND 

ND 

ND 

1-5 

5.02 

ND 

2.25 

ND 

ND 

ND 

ND 

ND 

ND 

1-6 

ND 

ND 

4.32 

0.854 

ND 

ND 

1.94 

ND 

ND 

1-7 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

1-8 

ND 

ND 

2.43 

ND 

ND 

ND 

155 

ND 

ND 

1-9 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

2-1 

1.61 

ND 

3.66 

0.726 

ND 

ND 

ND 

ND 

ND 

2-2 

ND 

ND 

ND 

ND 

ND 

ND 

4.24 

ND 

ND 

2-3 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

2-4 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

2-5 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

2-6 

ND 

ND 

2.37 

ND 

ND 

ND 

ND 

ND 

ND 

2-7 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

2-8 

ND 

ND 

2.27 

ND 

ND 

ND 

ND 

ND 

ND 

2-9 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

Detec- 

1.27 

0977 

2.09 

0.591 

0.421 

0  .291 

1.92 

0.402 

0.416 

tion 

limits 

^Molecular  structure  of  explosives  is  presented  in  Appendix  D. 
^ND  -  Not  detected. 
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with  explosives  during  Test  Run  No.  U-1  and  may  have  continued 
to  contaminate  subsequent  test  run  ash  samples. 

No  explosives  were  detected  in  the  stack  gas  during  any  ot 
the  test  burns,  including  the  preliminary  Test  Run  No.  U-1.  The 
estimation  ot  explosives  destruction  and  removal  efticiency  is 
presented  in  Subsection  8. 2. 4. 2. 

/.2.b  Fabric  tilter  particulate  loadings,  control  etticien- 
cies,  and  particle  size  distribution  data.  The  fabric  tilter 
particulate  loadings  and  control  etticiencies  are  summarized  in 
Table  14  tor  each  test  run.  The  fabric  filter  control  etticien¬ 
cies  ranged  trom  yy.l  to  yy.y  percent  with  an  average  efficiency 
ot  yy.b  percent.  The  consistently  high  removal  efticiency  was 
further  evidenced  by  the  lack  ot  a  visible  stack  plume. 

The  tabric  tilter  particulate  size  distributions  tor  the 
SADA  and  LAAP  test  runs  are  presented  in  Figures  14  and  15,  re¬ 
spectively.  As  shown  in  Figures  14  and  15,  the  size  distribu¬ 
tions  tor  the  two  types  ot  tabric  tilter  ash  are  almost  identi¬ 
cal.  The  general  size  distribution  data  applicable  to  both  ash 
types  are  summarized  below. 


Particle  diameter,  microns 

Weight  percent  within  range 

U  -  5 

Negligible 

5  -  lU 

2  percent 

lU  -  bU 

8  percent 

5U  -  lUU 

2U  percent 

>1UU 

7U  percent 

7.2./  Stack  emissions  data  tor  gaseous  pollutants.  The 
stack  emissions  data  tor  hydrogen  chloride  (HCl) ,  sulfur  dioxide 
( SO;^ )  ,  and  oxides  ot  nitrogen  (NOx)  are  summarized  in  Table 
15.  The  stack  emissions  data  for  hydrocarbons  and  carbon  monox¬ 
ide  (CO)  are  summarized  in  Table  lb.  No  significant  differences 
are  apparent  between  the  two  soil  types  in  the  magnitude  ot  the 
values.  No  stack  emissions  ot  heavy  metals  were  detected  except 
tor  mercury  which  did  not  exceed  5  x  lU”^  pounds  per  hour  tor 
any  ot  the  test  burns. 

/.2.8  EP  toxicity  testing  data  tor  the  ash  residues.  The 
results  ot  the  extraction  procedure  (EP)  toxicity  testing  data 
tor  the  kiln  ash  and  the  tabric  tilter  ash  are  presented  in  Ta¬ 
bles  1/  and  18,  respectively.  In  most  instances,  either  no  heavy 
metals  were  detected  or  the  maximum  possible  metal  concentration 
(in  the  ash)  was  below  the  EP  toxicity  threshold  limit  and  the 
test  was  not  conducted.  Regardless  ot  soil  type  or  the  levels  ot 
other  test  variables,  the  EP  toxicity  threshold  limits  were  not 
exceeded . 
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particulate  loadings  expressed  in  Ib/hr. 
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Indicates  that  sample  was  not  analyzed  for  metals  in  the  leachate  because  the  contaminant 
limits  could  not  be  exceeded  based  upon  the  analysis  of  total  metals  in  the  scimple. 


7.3  Pnysical  observations.  The  objective  of  this  section 
is  to  provide  firsthand  observations  regarding  parameters  that 
are  somewhat  difficult  to  quantify  and  reduce  to  numerical 
terms.  These  physical  observations  include  the  following: 

(a)  Soil/ash  appearance  and  density. 

(b)  Combustion  observations. 

(c)  Steady-state  production  run. 

(d)  Industrial  hygiene  observations. 

(e)  Miscellaneous  observations. 

7.3.1  Soil/ash  appearance  and  density.  The  SADA  soil,  al¬ 
though  excavated  as  the  top  4  to  6  inches  of  an  approximately 
300-square  foot  area  of  a  single  lagoon,  was  widely  variable  in 
appearance.  The  soil  was  excavated  from  the  area  immediately  ad¬ 
jacent  to  the  influent  stand  pipe  which  was  identified  as  having 
the  highest  explosives  concentrations  within  the  lagoon.  The 
soil  ranged  from  light  tan  to  dark  reddish-brown  in  color.  The  I 

texture  ranged  from  loose  sand  to  packed  silt.  One  area  of  the 
lagoon  had  a  subsurface  layer  of  soil  that  was  somewhat  unique. 

The  soil  was  a  light  tan  dry  powder  (like  talcum)  that  would  not 
wet  (floats  on  water)  and  when  exposed  to  sunlight  for  approxi¬ 
mately  10  minutes  changed  color  to  light  yellow.  Once  disturbed, 
the  soil  again  appeared  light  tan.  The  soil  seemed  to  be  sensi¬ 
tive  to  sunlight  (perhaps  ultraviolet). 

The  LAAP  soil,  by  comparison,  was  much  more  consistent  in 
appearance.  The  soil  in  the  drums  varied  from  densely  packed 
clay  to  clay  mixed  with  sand  and  free  water.  The  soil  was  dark 
reddish-brown  in  color  and  was  very  tightly  compacted  within  the 
drums. 

The  density  of  the  SADA  and  LAAP  soils  and  respective  pri¬ 
mary  kiln  ashes  was  estimated  in  the  field  by  weighing  fixed 
volumes  of  each  material.  The  SADA  soil  ranged  from  80  to  120 
pounds  per  cubic  foot  and  the  LAAP  soil  ranged  from  90  to  105 
pounds  per  cubic  foot.  A  representative  density  for  either  soil 
is  approximately  100  pounds  per  cubic  foot.  It  is  suspected  that 
if  the  LAAP  soil  were  freshly  excavated  the  density  would  be 
lower  due  to  a  higher  moisture  content. 

The  SADA  primary  kiln  ash  was  also  quite  variable.  The  ash 
ranged  from  "salt  and  pepper"  colored  sand,  to  a  mixture  of  sand 
and  small  "clinkers"  (friable  clumps  less  than  2  inches  in  diam¬ 
eter),  to  one  test  run  in  which  the  ash  was  black  with  large 
clinkers  up  to  6  inches  in  diameter  (Test  Run  0-1).  The  SADA 
ash  density  averaged  approximately  85  pounds  per  cubic  foot. 
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The  LAAP  primary  kiln  ash  was  again  more  consistent  by  com¬ 
parison.  The  ash  was  light  reddish-brown  to  black  in  color  and 
was  composed  almost  exclusively  of  small  friable  clinkers  1  to 
4  inches  in  diameter.  The  clinkers  were  extremely  porous  and  the 
resulting  ash  density  averaged  approximately  45  pounds  per  cubic 
foot . 

7.3.2  Combustion  observations.  The  following  comments  re¬ 
late  to  observations  made  during  the  various  test  burns  relative 
to  the  combustion  process  within  the  primary  chamber. 

(a)  On  16  September  1983  a  preliminary  test  run  was  per¬ 
formed  on  SADA  soil  at  the  following  conditions: 

Feed  Rate  =  400  Ib/hr 
Primary  Chamber  Temperature  =  1,600°? 

Secondary  Chamber  Temperature  =  2,000°F 

During  this  preliminary  run  (i.e.,  gas  sampling  was 
not  conducted)  the  soil  appeared  to  burn  very  well. 
There  was  no  noticeable  increase  in  primary  kiln  tem¬ 
perature  once  feeding  commenced,  which  suggests  that 
the  heat  content  of  the  soil  was  sufficient  to  offset 
the  increased  heat  load  to  evaporate  the  moisture  in 
the  soil.  The  flame  was  bright  orange  with  no  detect¬ 
able  smoke.  At  one  point  the  unit  shut  down  due  to  a 
high  boiler  feed-water  level  which  resulted  in  a 
temporary  loss  of  the  induced  draft  fan.  Under  this 
condition,  black  smoke  was  emitted  from  the  combus¬ 
tion  air  ports  at  the  front  of  the  incinerator.  Upon 
start-up  and  with  the  burners  off  but  with  the  in¬ 
duced  draft  fan  on,  the  soil  burned  with  a  violent 
flame.  This  suggests  that  some  of  the  combustibles  in 
the  soil  require  sufficient  oxygen  to  properly  com¬ 
bust.  The  ash  from  this  run  was  fine  sand,  light  in 
color,  and  with  no  noticeable  odor.  This  observation 
led  to  a  basic  change  in  approach.  Prior  to  this  it 
was  anticipated  that  the  incinerator  would  most  ap¬ 
propriately  be  operated  as  a  dryer  to  first  drive  off 
the  high  moisture  content  of  the  soil  and  then  to 
"roast"  the  soil  to  volatilize  and  destroy  the  explo¬ 
sives.  Under  these  conditions,  high  excess  air  rates 
in  the  primary  chamber  would  not  be  critical.  Howev¬ 
er,  this  observation  supported  the  fact  that  the  unit 
should  be  operated  as  an  incinerator  with  high  excess 
air  rates  to  ensure  complete  combustion  of  the  organ- 


(b)  On  19  September  1983  Test  Run  Matrix  No.  0-1  was  per¬ 

formed  on  SADA  soil  at  the  following  conditions: 

Feed  Rate  =  500  Ib/hr 

Primary  Chamber  Temperature  =  800°? 

Secondary  Chamber  Temperature  =  1,200°? 

As  described  previously,  this  run  was  conducted  at 
the  proposed  "worst-case"  conditions  of  maximum  feed 
rate  and  minimum  temperature  to  basically  challenge 
the  system  and  determine  if  explosives  breakthrough 
would  occur.  During  this  run  the  soil  did  not  appear 
to  burn  well.  The  soil  contributed  significantly  to 
the  heat  input  and  as  a  result  the  burners  modulated 
at  a  very  "low-fire"  position  during  this  burn.  The 
ash  was  black  with  large  clinkers  up  to  6  inches  in 
diameter.  The  ash  had  a  strong  ammonia  smell. 

(c)  On  21  September  1983  a  "doughnut"  of  feed  soil/ash 

started  accumulating  in  the  front  of  the  primary 
chamber  as  shown  in  Figure  16.  This  circumferential 
ring  of  friable  material  recurred  periodically 
throughout  the  testing  program  (most  predominantly 
with  the  LAAP  soil).  This  buildup  of  material  did  not 
impede  the  combustion  process?  however,  it  was  of 
concern  due  to  mass  balance  considerations  and  was 
periodically  removed  during  incinerator  cool  down. 
The  material  was  easily  removed  and  could  easily  be 
remedied  by  installing  a  scraper  bar  for  future  ap¬ 
plications.  It  was  also  found  that  feeding  background 
sand  prior  to  feeding  the  LAAP  soil  minimized  forma¬ 
tion  of  the  doughnut. 

(d)  As  observed  through  the  combustion  air  ports  in  the 

front  of  the  incinerator,  the  LAAP  soil  had  a  ten¬ 
dency  to  expand  as  the  moisture  and  combustibles  were 
vaporized  from  the  soil.  This  "popcorn"  effect  re¬ 
sulted  in  the  relatively  low  density  ash  discussed 
earlier  and,  instead  of  the  typical  50  percent  volume 
reduction  experienced  with  the  SADA  soil,  no  volume 
reduction,  and  up  to  a  40  percent  volume  increase  was 
experienced  with  the  LAAP  soil. 
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FIGURE  16  INSIDE  VIEW  OF  THE  PRIMARY  CHAMBER 

MIDWAY  THROUGH  THE  lECS  PROGRAM  (NOTE  THE  FORMATION  OF 
THE  “DOUGHNUT’  AT  THE  FRONT  OF  THE  KILN) 


(e)  In  general,  for  the  system  tested,  the  following  ob¬ 
servations  can  be  made  for  processing  both  SADA  and 
LAAP  soils: 

-  Operation  of  the  primary  kiln  at  1,400Of  seemed 
to  be  an  optimum  condition.  At  1,600°?  there 
were  more  problems  with  smoking/flaming  buckets 
coming  out  of  the  feed  system.  At  1,200°F  there 
seemed  to  be  a  higher  propensity  for  doughnut  for¬ 
mation.  However,  both  of  the  problems  could  be 
easily  remedied  in  a  future  full-scale  system. 

-  Operation  above  400  pounds  per  hour  soil  feed  rate 
appeared  to  be  a  problem  due  to  material  fall-back 
into  the  front-end  panel  (which  could  be  remedied 
by  slight  redesign  or  a  continuous  versus  a  bulk 
feed  system)  and  due  to  shorter  ash  residence  time 
(which  could  be  remedied  by  a  longer  primary  cham¬ 
ber  or  alternative  kiln  rotation  rates). 

7.3.3  Steady-state  production  run.  After  the  formal  test¬ 
ing  was  completed  on  8  October  1983,  an  additional  25,000  pounds 
of  LAAP  soils  were  incinerated  from  10  to  15  October  1983  (64 
actual  hours  of  incinerating  soils).  The  objectives  of  burning 
the  additional  soils  were  twofold: 

(a)  Thermally  treat  all  LAAP  soil  that  had  been  excavated 

and  manifested  to  the  Savanna  Army  Depot  Activity  but 
not  required  during  the  formal  testing. 

(b)  Determine  the  operational  characteristics  of  the  incin¬ 

erator  system  under  a  longer  term,  steady-state  pro¬ 
duction  mode  of  operation. 

The  operational  parameters  during  this  steady-state  run  were 
as  follows: 

Feed  Rate  =  400  Ib/hr 

Primary  Chamber  Temperature  =  1,400°? 
secondary  Chamber  Temperature  =  1,800°f 

Complete  destruction  of  explosives  had  been  consistently 
demonstrated  in  the  stack  gas,  as  well  as  in  the  kiln  ash  resi¬ 
dues  at  these  conditions.  For  this  reason  these  conditions  were 
proposed  to  and  approved  by  the  Illinois  EPA  for  continuation  of 
the  test  burn  program  without  any  further  requirement  for  stack 
testing . 
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During  this  5.5  day  run,  two  shifts  of  operators  allowed  an 
operating  span  of  up  to  20  hours  including  warm-up  and  cool  down 
and  an  actual  processing  time  of  up  to  15  hours  per  day. 

The  incineration  equipment  performed  flawlessly  during  this 
extended  run  with  no  downtime  due  to  mechanical  failure.  Two  in¬ 
stances  did  occur  that  required  reprocessing  of  primary  kiln  ash 
drums  collected: 

(a)  On  10  October  1983  the  second  ash  drum  pulled  was  smok¬ 

ing  (purple/pink  smoke).  One  of  the  smoldering  clink¬ 
ers  was  broken  open  and  there  was  red  clay  inside 
which  started  smoking  heavily  when  exposed  to  the 
air.  Further  investigation  revealed  that  the  feed 
soil  bucket  weights  were  too  heavy  resulting  in  an 
average  feed  rate  of  540  pounds  per  hour  rather  than 
400  pounds  per  hour.  The  bucket  weights  were  correct¬ 
ed  and  the  first  two  drums  of  ash  were  reprocessed. 
Subsequent  ash  drums  were  normal  (i.e.,  no  smoke). 

(b)  On  11  October  1983  the  second  ash  drum  pulled  was  again 

smoking.  The  smoke  was  generally  white  in  color  with 
traces  of  pink  and  purple.  The  ammonia  smell  was 
strong  enough  to  break  through  the  respirator  car¬ 
tridges.  Further  investigation  revealed  that  the  kiln 
rotation  was  improperly  set.  The  kiln  was  making  one 
revolution  every  8  minutes  rather  than  every  15  min¬ 
utes.  The  kiln  rotation  rate  was  reset  and  the  first 
two  ash  drums  were  reprocessed.  Subsequent  ash  drums 
were  normal. 

These  two  incidents,  both  of  which  effectively  reduced  the 
ash  residence  time  within  the  primary  chamber,  appeared  to  have 
resulted  in  incomplete  combustion  of  the  explosives  in  the  soil. 
This  suggests  a  strong  correlation  between  ash  residence  time 
and  explosives  destruction  efficiency  in  the  primary  chamber 
ash. 

7.3.4  Industrial  hygiene  observations.  The  purpose  of  this 
subsection  is  not  to  detail  all  the  safety  precautions  that  were 
taken  on  this  project.  These  precautions  were  discussed  thor¬ 
oughly  in  the  site  plan  and  safety  submission. 3  This  subsec¬ 
tion  will  address  additional  safety  precautions  instituted  in 
the  field  in  response  to  observations  made  during  the  lECS  test¬ 
ing  program.  These  observations  and  precautions  are  as  follows: 

(a)  A  noise  survey  of  the  incineration  test  site  revealed 
that  the  noise  levels  in  the  vicinity  of  the  inciner¬ 
ator  and  the  induced  draft  fan  exceeded  85  dbA  with  a 
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maximum  reading  on  the  stack  sampling  platform  (di¬ 
rectly  above  the  induced  draft  fan)  of  98  dbA.  The 
85  dbA  contour  line  very  closely  paralleled  the  pe¬ 
rimeter  of  the  concrete  pad.  Therefore,  hearing  pro¬ 
tection  was  required  for  all  personnel  on  the  con¬ 
crete  pad. 

(b)  During  the  initial  pretest  burn  (16  September  1983), 

the  incinerator  operator  detected  a  strong  odor  (like 
burnt  matches  or  fireworks)  from  the  buckets  he  re¬ 
moved  from  the  feeder  access  hatch.  He  further  no¬ 
ticed  an  irritation  in  his  throat.  At  this  point  a 
full-face  respirator*  was  established  as  standard  op¬ 
erating  practice  for  the  incinerator  operator  on  the 
feed  platform.  This  operator  subsequently  had  symp¬ 
toms  similar  to  sunburn  (i.e.,  dry  skin,  irritation) 
on  his  entire  face.  He  has  fair  skin  and  to  some  ex¬ 
tent  this  may  have  been  due  to  irritation  from  the 
full-face  respirator.  He  also  developed  a  small  open 
sore  below  his  lower  lip  the  following  day.  The  sun¬ 
burn  feeling  and  open  sore  persisted  for  the  next 
four  days  although  no  additional  exposure  occurred. 
On  the  fourth  day  he  developed  a  severe  headache  ac¬ 
companied  by  stomach  upset  (which  is  very  atypical 
for  this  individual). 

(c)  Another  incinerator  operator  complained  of  experiencing 

nausea  at  night  and  headaches  that  persisted  through¬ 
out  the  day.  He  further  explained  that  he  had  a  cold 
and  symptoms  may  not  be  directly  related  to  his  expo¬ 
sure. 

(d)  One  member  of  the  soil  excavation  team  complained  of  a 

rash  ("sunburn-like")  under  his  hat  band.  He  was 
wearing  a  baseball  cap.  He  threw  the  hat  away  and  the 
rash  subsided. 

(e)  One  of  the  operators  (who  was  relatively  fair  skinned) 

reported  that  his  skin  had  a  yellowish  cast,  that  his 
lips  were  noticeably  purple,  and  that  he  frequently 
had  a  bitter  taste  in  his  mouth. 


h 


Respirator  Model  No.:  MSA  Ultra  Twin  Respirator  Face  Piece 
(471286).  Cartridge  Model  No.:  GMC-H  (464027).  Designed  for 
acids,  dust,  fumes,  organics,  radionuclides. 
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(f)  One  of  the  individuals  who  handed  the  buckets  to  the 
operators  complained  of  a  skin  rash/irritation  on  his 
forearms.  The  sores  appear  like  mosquito  bites,  scab 
over,  and  eventually  dry  up.  One  of  the  operators 
complained  of  a  similar  irritation.  Subsequently,  all 
individuals  handling  the  feed  soil  and  empty  buckets 
were  instructed  to  wear  full-length  disposable  cover¬ 
alls,  gauntlet  style  plastic  gloves  with  disposable 
liners,  and  respirators. 

It  should  be  pointed  out  that  all  of  the  above  observations 
took  place  during  the  first  week  of  operations  and  no  subsequent 
incidences  occurred  during  the  remaining  three  weeks  of  the  test 
program. 

7.3.5  Miscellaneous  observations.  One  additional  observa¬ 
tion  was  noteworthy  and  does  not  readily  fit  into  any  of  the 
previous  categories.  It  was  observed  that  the  moisture  which 
collected  on  the  clean  underside  of  the  plastic  sheeting  cover¬ 
ing  the  buckets  of  feed  soil  was  "pinkish"  in  color.  This  pink 
coloration  is  a  direct  indication  of  the  presence  of  TNT  in  the 
water  droplets.  It  appears  that  a  portion  of  the  TNT  in  the  feed 
soil  vaporized  and  condensed  on  the  plastic  along  with  the  mois¬ 
ture  that  vaporized  and  condensed. 


68 


4523a 


8.  COMPARISON  OF  TEST  BURN  RESULTS  TO  REGULATORY  CRITERIA 

8.1  Federal  regulatory  issues.*  The  objective  of  this  sec¬ 
tion  of  the  report  is  to  address  three  critical  questions  re¬ 
garding  Federal  regulatory  issues  based  on  the  characteristics 
of  explosives  contaminated  soils  (Section  4)  and  the  test  burn 
results  (Section  7).  These  three  key  questions  are: 

(a)  Is  the  incineration  of  explosives  contaminated  soils 

subject  to  regulation  under  40  CFR  Part  264, 
Subpart  0  -  Incinerators? 

(b)  If  exempted  from  all  requirements  of  40  CFR  Part  264, 

Subpart  0,  except  Sections  264.341  (Waste 
Analysis)  and  264.361  (Closure),  what  are  the 
impl ications? 

(c)  If  not  exempt  from  regulation  under  40  CFR  Part  264, 

Subpart  0,  what  are  the  implications? 

8.1.1  Background.  The  solid  waste  disposal  act,  as  amended 
by  the  Resource  Conservation  and  Recovery  Act  of  1976,  requires 
EPA  to  establish  a  national  regulatory  program  to  ensure  that 
hazardous  wastes  are  managed  in  a  manner  which  does  not  endanger 
human  health  or  the  environment  from  the  time  they  are  created 
until  their  eventual  destrCiction  or  final  disposition  (i.e., 
"cradle-to-grave" ) .  To  this  end,  EPA  published  initial  regula¬ 
tions  governing  hazardous  waste  incineration  on  19  May  1980  and 
subsequently  amended  those  regulations  on  23  January  1981  and  24 
June  1982. 

The  initial  19  May  1980  regulations  provided  a  first  step  in 
meeting  the  requirements  of  RCRA.  Appendix  VIII  of  those  regula¬ 
tions  specified  certain  chemical  substances,  when  present  in  a 
waste,  could  serve  as  a  basis  for  designating  the  waste  as  haz¬ 
ardous.  Part  261  of  the  regulations  identified  four  characteris¬ 
tics  of  hazardous  waste  to  be  used  by  persons  handling  solid 
waste  to  determine  if  that  waste  is  hazardous  (i.e.,  ignitabili- 
ty,  corrosivity,  reactivity,  and  EP  toxicity).  In  addition,  it 
lists  86  process  wastes  (e.g.,  K044  -  wastewater  treatment 

sludges  from  the  manufacturing  and  processing  of  explosives;  and 
K047  -  pink/red  water  from  TNT  operations),  as  hazardous  wastes 
and  approximately  400  chemicals  as  hazardous  wastes  if  they  are 
discarded.  The  19  May  1980  regulations  (Part  266)  also  included 
some  general  requirements  for  the  operation  of  existing  inciner¬ 
ation  facilities  during  interim  status  (the  period  after  an 
owner  or  operator  originally  applies  for  a  permit,  but  prior  to 
final  approval). 


Appendix  C  provides  referenced  sections  from  the  Federal  Regis¬ 
ter. 


69 


4623A 


EPA  23  January  1981  regulations  specifically  identified  the 
information  necessary  to  complete  a  Part  B  application  for  an 
incinerator  including  test  burn  requirements.  These  regulations 
also  specified  three  requirements  regarding  incinerator  perform¬ 
ance  : 

(a)  Principal  organic  hazardous  constituents  (POHC's)  des¬ 

ignated  in  each  waste  must  be  destroyed  and/or  re¬ 
moved  to  an  efficiency  (DRE)  of  99.99  percent, 

(b)  Particulate  emissions  must  not  exceed  180  milligrams 

per  dry  standard  cubic  meter  corrected  to  12  percent 
carbon  dioxide  in  the  stack  gas. 

(c)  Gaseous  hydrogen  chloride  (HCl)  resulting  from  combus¬ 

tion  of  wastes  containing  more  than  0.5  percent  chlo¬ 
rine  must  be  reduced  by  99  percent. 

In  addition  to  the  incinerator  performance  standards  (Sec¬ 
tion  264.3),  this  regulation  also  addressed  the  following: 

(a)  Applicability  (Section  264.340). 

(b)  Waste  analysis  (Section  264.341). 

(c)  Principal  organic  hazardous  constituents  (Section 

264.342) . 

(d)  New  wastes:  trial  burns  or  permit  modifications  (Sec¬ 

tion  264.344). 

(e)  Operating  requirements  (Section  264.345). 

(f)  Monitoring  and  inspections  (Section  264.347). 

(g)  Closure  (section  264.351). 

In  response  to  public  comment  and  a  public  hearing  and  tech¬ 
nical  assistance  conference  in  Cincinnati,  Ohio  on  21  and  22 
April  1981,  EPA  determined  that  modification  of  certain  Subpart 
0  regulations  would  enhance  their  technical  feasibility  and  re¬ 
duce  the  cost  of  compliance,  while  maintaining  adequate  protec¬ 
tion  of  human  health  and  the  environment.  The  EPA  formally 
promulgated  the  amended  regulations  on  24  June  1982.  The  sig¬ 
nificant  amendments  to  the  23  January  1981  regulation  are  sum¬ 
marized  in  Table  19.  The  24  June  1982  regulations  specifically 
addressed  the  issue  of  incineration  of  reactive  wastes  and  the 
applicability  of  the  regulation  as  discussed  in  the  following 
section. 
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8.1.2  Applicability  of  the  incineration  standards  to  the 
incineration  of  explosives  contaminated  soils.  A  solid  waste 
becomes  a  "hazardous  waste"  subject  to  regulation  under  Subtitle 
C  of  RCRA  in  one  of  two  ways: 

(a)  The  waste  fails  one  or  more  of  EPA's  characteristic 

tests  for  ignitability ,  corrosivity,  reactivity,  or 
Extraction  Procedure  (EP)  toxicity. 

(b)  The  waste  contains  hazardous  constituents  listed  in  Ap¬ 

pendix  VIII  and  has  been  specifically  listed  as  haz¬ 
ardous  by  EPA. 

In  the  24  June  1982  regulations  40  CFR  Part  264,  Section 
264.340,  EPA  decided  to  automatically  exempt  all  wastes  which 
are  hazardous  solely  due  to  the  characteristic  of  reactivity  as 
described  by  Secton  261.23  (a)(1),  (2),  (3),  (6),  (7),  and  (8) 
(see  Section  4,  page  20).  Wastes  having  the  reactivity  charac¬ 
teristics  described  by  Section  261.23  (a)(4)  and  (5)  are  not  ex¬ 
empted  since  they  may  emit  toxic  gases  and  vapors  (such  as  cyan¬ 
ide)  upon  reaction.  The  amendment  specifies  that  reactive 
wastes,  if  exempted,  must  not  be  burned  in  the  presence  of  any 
other  hazardous  waste,  since  the  reactive  wastes  (by  definition) 
are  capable  of  explosion  or  violent  reaction  that  could  poten¬ 
tially  disperse  other  toxic  substances  present  into  the  environ¬ 
ment.  Therefore,  if  the  reactive  waste  in  question  contains  de¬ 
tectable  concentrations  of  Appendix  VIII  constituents  it  cannot 
be  automatically  exempted.  However,  the  regulation  does  provide 
that  qualified  reactive  wastes  that  contain  low  concentrations 
(i.e.,  less  than  100  to  1,000  ppm)  of  some  Appendix  VIII  con¬ 
stituents  may  be  exempted  if  the  Regional  Administrator  finds 
that  the  exemption  will  not  result  in  a  potential  threat  to  hu¬ 
man  health  and  the  environment. 

TNT,  RDX,  and  HMX,  which  were  the  major  organic  contaminants 
in  the  SADA  and  LAAP  soils,  are  not  listed  in  Appendix  VIII  as 
hazardous  constituents.  The  Appendix  VIII  constituents  that 
were  detected  in  the  soils  were  in  extremely  low  concentrations 
as  shown  in  Table  20.  Therefore,  it  appears  that  applicability 
of  the  incineration  standards  to  the  incineration  of  explosives 
contaminated  soil  will  be  based  on  the  judgment  of  the  respec¬ 
tive  EPA  Regional  Administrator.  Four  factors  combine  to  make 
an  extremely  strong  case  that  the  Regional  Administrator  would 
exempt  explosives  contaminated  soils  from  regulation  under  all 
except  Sections  264.341  (Waste  Analysis)  and  264.351  (Closure). 
These  four  factors  are: 

(a)  The  explosives  contaminated  soils,  when  mixed  with 
water,  do  not  generate  toxic  gases  and  they  are  not 
cyanide-  or  sulfide-bearing  wastes. 
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of  Appendix  VIII  constituents  are 


(b)  The  concentrations 

extremely  low. 

(c)  No  other  hazardous  wastes  would  be  incinerated  simul¬ 

taneously  with  the  explosives  contaminated  soils. 

(d)  The  incineration  site  would  most  likely  be  at  a  remote 

U.S.  Army  location  which  would  further  limit  poten¬ 
tial  hazards  to  the  general  public. 

8.1.3  Implications  of  exemption  from  the  incineration 
standards.  Applicants  seeking  exemption  under  Section  264.340 
must  submit  sufficient  waste  analysis  data  with  Part  B  of  the 
permit  application  to  document  levels  of  all  hazardous  constitu¬ 
ents  listed  in  Appendix  VIII  which  would  reasonably  be  found  in 
the  waste.  When  setting  the  conditions  of  the  permit,  the  Re¬ 
gional  Administrator  will  determine  whether  an  exemption  should 
be  granted  for  incineration  of  the  reactive  waste  based  on  a  re¬ 
view  of  the  waste  analysis  data.  If  the  exemption  is  granted, 
the  applicant  will  be  exempt  from  the  following  sections: 


Section  No. 

Title 

264.342 

Principal  organic  hazardous 
(POHC's) . 

constituents 

264.343 

Performance  standards. 

264.344 

New  wastes:  trial  burns  or 
f ications . 

permit  modi- 

264.345 

Operating  requirements. 

264.347 

Monitoring  and  inspections. 

The  implications  of  exemption  from  these  regulations  are  ex¬ 
plained  in  Subsection  8.1.4. 

The  only  remaining  applicable  regulation  is  Section  264.251 
(Closure).  At  closure,  the  owner  or  operator  must  remove  all 
hazardous  waste  and  hazardous  waste  residues  (i.e.,  kiln  and 
fabric  filter  ash)  from  the  incineration  site.  All  ash  residues 
from  the  incineration  of  hazardous  wastes  are  classified  as  haz¬ 
ardous  wastes  unless  it  is  demonstrated  in  accordance  with  40 
CFR  Part  261,  Section  261.3(d)  that  the  residue  is  not  a  hazard¬ 
ous  waste. 


The  implications  of  Section  264.251  (Closure)  could  be  sub¬ 
stantial  since  every  pound  of  explosive  contaminated  soil  which 
is  incinerated  generates  approximately  0.3  to  0.7  pounds  of  ash 
residue.  Generally  over  96  to  98  percent  of  the  residue  is  dis¬ 
charged  in  the  form  of  kiln  ash,  while  the  remaining  ash  is  col¬ 
lected  in  the  fabric  filter.  Further,  due  to  the  lower  relative 
density  of  the  kiln  ash  compared  to  the  feed  soil  (particularly 
for  the  LAAP  soil),  the  actual  volume  reduction  ranges  from  ap¬ 
proximately  50  percent  to  a  slight  volume  increase.  Should  the 
ashes  be  classified  as  hazardous  waste,  then  costly  additional 
treatment  techniques  or  special  disposal  methods  will  be  neces¬ 
sary.  Otherwise,  the  ash  residues  would  be  permanently  land- 
filled  in  an  area  preferably  near  the  incineration  site. 

The  results  of  the  ash  analyses  conducted  during  the  lECS 
test  program  indicate  a  strong  case  for  delisting  the  ash  since, 
in  accordance  with  40  CFR  Part  261,  Section  261.3(d)(1),  the  ash 
residues  do  not  exhibit  any  of  the  characteristics  of  a  hazard¬ 
ous  waste  identified  in  40  CFR  Part  261,  Subpart  C  (i.e.,  ig- 
nitability,  corrosivity,  reactivity,  or  EP  toxicity).  The  fol¬ 
lowing  subsections  compare  the  results  of  the  ash  analyses  to 
criteria  for  each  of  these  characteristics  of  hazardous  waste. 

8. 1.3.1  Ignitability .  A  solid  waste  exhibits  the  charac¬ 
teristic  of  ignitability  if,  when  ignited,  it  burns  so  vigorous¬ 
ly  and  persistently  that  it  creates  a  hazard.  It  is  reasonable 
to  expect  the  ash  residues  to  not  be  ignitable  by  virtue  of: 

(a)  The  thermal  processing  conditions  that  the  ashes  were 

subjected  to  during  the  incineration  process. 

(b)  The  undetectable  heating  value  of  the  ashes. 

8. 1.3. 2  Corrosivity.  A  solid  waste  exhibits  the  character¬ 
istic  of  corrosivity  if,  as  an  aqueous  solution,  it  has  a  pH 
less  than  or  equal  to  2.0  or  greater  than  or  equal  to  12.5. 
Composite  samples  of  the  SADA  and  LAAP  kiln  ash  and  fabric  fil¬ 
ter  ash  residues  had  pH  values  that  ranged  from  7.4  to  7.7. 
Therefore,  the  ash  residues  do  not  exhibit  the  characteristic  of 
corrosivity. 

8. 1.3.3  Reactivity.  The  eight  criteria  for  designating  a 
solid  waste  as  hazardous  were  presented  previously  in  Section  4. 
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Based  on  the  data  generated  during  the  testing  program,  it  is 
reasonable  to  assume  that  the  ash  residues  are  not  reactive  and 
exhibit  none  of  the  eight  criteria  as  explained  below: 


Criteria 


(1)  Instability 


(2)  and  (3)  Reaction  with  Water 


(4)  and  (5)  Generation  of  Toxic 
Gases 


(6)  and  (7)  Explosive  Reaction 


(8)  Forbidden  Explosives 


Observations 


The  ash  residues  were  handled 
throughout  the  testing  and 
were  physically  and  chemically 
stable  when  subjected  to  the 
recommended  operating  condi¬ 
tions. 


The  residues  were  in  contact 
with  water  during  sample  prep¬ 
aration  and  analysis  and 
showed  no  signs  of  adverse  re¬ 
action. 


The  ash  residues  are  not  cya¬ 
nide-  or  sulfide-bearing 
wastes,  and  when  mixed  with 
water  do  not  generate  toxic 
gases,  vapors,  or  fumes. 


The  extremely  low  levels  of 
total  explosives  in  the  ash 
residues  (i.e.,  not  detected 
to  less  than  30  ppm)  are  in¬ 
sufficient  to  support  combus¬ 
tion  or  promulgation  of  deton¬ 
ation  when  subjected  to  ini¬ 
tiating  sources  or  if  heated 
under  confinement. 


The  ash  residues  are  not  clas¬ 
sified  as  forbidden  explosives 
as  defined  in  49  CFR  173.51, 
or  a  Class  A  explosive  as  de¬ 
fined  in  49  CFR  173.53,  or  a 
Class  B  explosive  as  defined 
in  49  CFR  173.88. 
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8. 1.3.4  EP  toxicity.  Tne  results  of  the  EP  toxicity  test¬ 
ing  for  the  kiln  ash  and  fabric  filter  ash  for  each  test  run  are 
presented  in  Tables  A-9  and  A-10,  respectively.  As  shown  in 
these  tables,  concentrations  of  all  contaminants  in  the  leachate 
were  far  below  the  maximum  threshold  concentrations.  Therefore, 
the  ash  residues  clearly  do  not  exhibit  the  characteristic  of  EP 
toxicity. 

8.1.4  Implications  of  not  being  exempted  from  the  incinera¬ 
tion  standards.  If  the  respective  EPA  Regional  Administrator 
does  not  grant  exemption  under  40  CFR  Part  264,  Section  264.340, 
additional  requirements  must  be  met  above  and  beyond  those  dis¬ 
cussed  in  Subsection  8.1.3.  These  additional  requirements  are 
discussed  in  the  following  subsections. 

8. 1.4.1  Principal  organic  hazardous  constituents  (section 
264.342).  As  specified  in  40  CFR  Part  264,  Section 
264.342(b)(1),  one  or  more  POHC's  must  be  specified  from  the 
list  of  hazardous  constituents  listed  in  Part  261,  Appendix 
VIII,  for  each  waste  to  be  burned.  The  selection  of  POHC  is 
based  on  the  relative  degree  of  difficulty  of  incineration  and 
on  the  concentration  or  mass  in  the  soil  feed. 

The  explosives  that  are  in  the  soils  in  relatively  high  con¬ 
centrations  (i.e.,  TNT,  RDX,  HMX )  are  not  listed  in  Part  261, 
Appendix  VIII  and,  therefore,  cannot  be  designated  as  POHC's. 
The  hazardous  constituents  that  are  present  in  the  soils  (i.e., 
TNB  and  DNB)  are  only  present  in  extremely  low  concentrations 
(i.e.,  not  detected  to  less  than  300  ppm  as  shown  in  Table  20). 
The  preamble  to  the  24  June  1982  amendments  (Federal  Register 
Vol.  47,  No.  122,  page  27530)  provides  guidelines  for  selecting 
POHC's.  These  guidelines  establish  100  ppm  as  an  absolute  lower 
limit  beyond  which  determination  of  a  99.99  percent  destruction 
removal  efficiency  (DRE)  will  be  difficult  to  verify,  and  fur¬ 
ther  recommends  1,000  ppm  as  a  more  reasonable  minimum  concen¬ 
tration  in  the  waste  feed.  Therefore,  short  of  artificially 
spiking  the  feed  soils  with  higher  concentrations  of  TNB  and 
DNB,  selection  of  a  POHC  may  pose  a  significant  obstacle. 
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8. 1.4.2  Performance  standards  (section  264.343).  An  incin¬ 
erator  burning  hazardous  waste  must  be  designed  and  operated  to 
meet  the  following  three  performance  standards: 


Destruction  Removal  Efficiency  (DRE) 


The  incinerator  must  achieve  a  DRE  of  99.99  percent  for  each 
POHC  designated  in  its  permit  for  each  waste  feed.  DRE  is  de¬ 
termined  for  each  POHC  from  the  following  equation: 


DRE  = 


<«ln  -  «oat' 


X  100% 


Where: 


Win  =  mass  feed  rate  of  one  POHC  in  the  waste 
stream  feeding  the  incinerator 


Wout  =  mass  emission  rate  of  the  same  POHC  present  in 
the  exhaust  emissions  prior  to  release  to  the 
atmosphere 


In  other  words,  qredit  is  given  for  removal  of  the  POHC  in 
the  kiln  and  fabric  filter  ash  residues,  as  well  as  destruction 
of  the  POHC  in  the  incineration  process. 


During  the  lECS  test  programs,  no  explosives  (i.e.,  TNT, 
RDX,  HMX,  as  well  as  the  Appendix  VIII  constituents)  were  de¬ 
tected  in  the  stack  exhaust  emissions  to  the  atmosphere.  There¬ 
fore,  in  accordance  with  the  guidelines  provided  in  the  previ¬ 
ously  referenced  preamble  to  the  24  June  1982  amendments  (page 
27350),  if  the  POHC  is  not  detected  in  the  stack  exhaust,  at¬ 
tainment  of  100  percent  destruction  and  removal  will  be  assumed 
for  that  POHC.  However,  taking  a  much  more  conservative  ap¬ 
proach  (i.e.,  assuming  that  explosives  concentrations  might  be 
at  or  just  below  the  detection  limits)  the  calculated  DRE's  for 
each  test  run  are  presented  in  Taoles  21  and  22.  However,  these 
DRE's  are  for  TNT,  RDX,  and  HMX  since  these  were  the  only  con¬ 
taminants  in  sufficient  concentration  in  the  feed  to  allow  esti¬ 
mation  of  DRE.  As  shown  in  Tables  21  and  22,  even  using  this 
overly  conservative  approach,  DRE's  of  99.99  percent  were 
achieved  in  most  cases.  Failure  to  achieve  99.99  percent  only 
resulted  from  lower  explosive  concentration  in  the  waste  feed 
relative  to  the  detection  limit  in  the  stack  exhaust. 
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Matr IX 

TNT  concentration#  lo/hr 

number 

In  soil  feed  In  stack  qas^ 

Worst  case 

0-1 

58.285 

ND 

>  99.996 

1-1 

27 .028 

ND 

>  99.995 

1-2 

45.490 

ND 

>  99.995 

1-3 

41.309 

ND 

>  99.996 

1-4 

23.  424 

ND 

>  99.992 

1-5 

71.770 

ND 

>  99.997 

1-6 

43.084 

ND 

>  99.994 

1-7 

87.224 

ND 

>  99.997 

1-8 

68.170 

ND 

>  99.996 

1-9 

88.429 

ND 

>  99.997 

■•■ND  -  Not  detected.  Detection  Limits  ranqed  troro  0.0018  and 
U  .00:^6  €or  the  various  runs. 


^worst  case  DRE  -  No  explosives  were  detected  in  the  stack 

qases.  Percent  destruction  and  removal  effi¬ 
ciency  (DRE)  is  based  on  the  detection  limit 
of  TNT  in  the  stack  qas.  Actual  D^  ''s  will  be 
hiqher  than  the  values  shown. 
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efficiency  (DRE)  is  based  on  detection  limits  of  explosives  in  stack  qas 
DRE's  will  be  higher  than  the  values  shown. 


Since  analysis  of  all  feed  samples  for  both  SADA  and  LAAP 
soils  indicated  total  chlorine  concentrations  of  less  than  0.5 
percent  and  since  total  hydrogen  chloride  (HCl)  emissions  were 
substantially  below  1.8  kilograms  per  hour  (4  pounds  per  hour), 
HCl  control  was  not  required. 


Particulate  Control 


Particulate  emissions  are  limited  to  180  milligrams  per  dry 
standard  cubic  meter  (0.08  grains  per  dry  standard  cubic  foot) 
when  corrected  for  proper  excess  air  levels.  The  results  of  all 
test  runs  were  at  least  two  orders  of  magnitude  lower  than  the 
permissible  emission  limits  due  to  the  excellent  control  effi¬ 
ciency  of  the  fabric  filter. 


In  summar 


ance  wit 


,  the  trial  burns  demonstrated  consistent  compli- 


jerformance  standards. 


8. 1.4.3  New  wastes;  trial  burns  or  permit  modifications 
(section  264.344).  Clearly,  the  results  of  the  lECS  Test  Pro¬ 
gram  should  exempt  the  U.S.  Army  from  any  further  trial  burn  re¬ 
quirements  unless  the  waste  analysis  of  the  explosives  contami¬ 
nated  soils  is  significantly  different  than  the  SADA  or  LAAP 
soils. 

8. 1.4.4  Operating  requirements  (section  264.345)  and  moni¬ 
toring  and  inspections  (section  264.347).  In  order  to  comply 
with  the  operating  and  monitoring  requirements  specified,  it  ap¬ 
pears  that  only  two  additional  pieces  of  instrumentation  would 
be  required  to  supplement  the  incineration  equipment  and  con¬ 
trols  supplied  by  ThermAll,  Inc.  for  the  lECS  test  program: 

(a)  A  device  for  continuously  measuring  combustion  gas  ve¬ 

locity  . 

(b)  A  device  for  continuously  measuring  carbon  monoxide  at 

the  stack. 


The  23  January  1981  amendments  specified  the  continuous 
measurement  of  combustion  air  flow  rate.  However,  it  is  imprac¬ 
tical  to  measure  air  feed  rate  for  a  rotary  kiln  which  does  not 
employ  a  forced  draft  system  (which  lends  itself  to  measurement 
of  air  feed  rate).  Instead,  air  is  drawn  into  the  kiln  at  many 
points,  and  actual  air  feed  rate  is  impossib^e  to  monitor.  The 
24  June  1982  amendments  address  this  problem  and  allow  the  use 
of  other  appropriate  indicators  of  combustion  gas  flow  rate  for 
rotary  kilns.  Suitable  indicators  such  as  induced  draft  fan  am¬ 
perage  or  exhaust  gas  velocity  are  specified. 
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The  continuous  monitoring  of  carbon  monoxide  will  provide  an 
excellent  indicator  of  combustion  efficiency  and  will  ensure 
complete  destruction  of  all  detectable  explosives  in  the  exhaust 
gases.  It  is  well  documented  that  the  oxidation  of  carbon  mon¬ 
oxide  to  carbon  dioxide  is  the  rate  limiting  step  in  most  af¬ 
terburners.'  Generally,  the  time  required  for  all  of  the 
steps  involved  in  the  oxidation  of  hydrocarbons  to  carbon  monox¬ 
ide  is  less  than  one-tenth  of  that  which  is  required  for  the 
carbon  monoxide  to  carbon  dioxide  conversion.  Since  explosives 
exhibit  no  reluctance  to  oxidize,  it  is  reasonable  to  assume 
that  the  carbon  monoxide-to-carbon  dioxide  step  will  be  the  key 
criteria  for  proper  uesign  of  the  secondary  chamber. 

Review  of  the  raw  sampling  data  for  Test  Run  No.  0-1  reveals 
supporting  evidence  that  the  known  relationship  between  carbon 
monoxide  and  hydrocarbons  can  be  applied  to  the  incineration  of 
explosives  contaminated  soils.  As  the  combustion  gases  entered 
the  secondary  chamber  the  DRE  for  TNT  was  in  excess  of  99  per¬ 
cent  although  the  CO  concentration  was  over  1,000  ppm.  At  the 
inlet  to  the  fabric  filter,  no  TNT  was  detected  in  the  flue  gas 
(i.e.  DRE  =  100  percent)  and  the  CO  was  reduced  to  75  ppm.  The 
oxidation  rate  of  the  explosives,  therefore,  was  significantly 
higher  than  the  oxidation  rate  for  CO.  During  subsequent  runs 
at  higher  combustion  chamber  temperatures  and  lower  feed  rates, 
no  explosives  were  detected  in  the  flue  gas  at  any  sampling  lo¬ 
cations,  including  the  inlet  to  the  secondary  chamber.  CO  lev¬ 
els  were  consistently  lower  also,  but  always  detectable  at  the 
secondary  chamber  inlet.  As  a  result,  two  observations  can  be 
made : 

(a)  It  appears  that  destruction  of  CO  and  not  explosives 

will  be  the  limiting  criteria  for  design  and  opera¬ 
tion  of  the  secondary  combustion  chamber. 

(b)  It  appears  that  monitoring  CO  will  provide  a  dependable 

and  cost-effective  way  to  ensure  proper  combustion  of 
explosives  as  well  as  CO. 

8.2  State  and  local  regulatory  issues.  State  and  local 
regulations  must  be  evaluated  on  a  site-specific  basis.  Howev¬ 
er,  some  general  comments  can  be  made.  Most  states  have  direct¬ 
ly  adopted  the  Federal  hazardous  waste  management  regulations 
into  their  statutes.  Therefore,  if  their  program  is  Federally 
approved,  the  requirements  discussed  in  Subsection  8.1  may  be 
administered  either  jointly  between  the  state  and  the  Regional 


EPA  office  or  exclusively  by  the  state  agency.  Concerning  cri¬ 
teria  ( nonhazardous )  pollutants,  the  typical  areas  of  concern 


(a)  Particulates 

(b)  Carbon  monoxide 

(c)  Oxides  of  nitrogen 

(d)  Oxides  of  sulfur 

(e)  Halogenated  compounds 

8.2.1  Particulates.  Typically,  the  state  would  require 
meeting  the  hazardous  waste  incinerator  performance  standard  of 
180  milligrams  per  dry  standard  cubic  meter  (0.08  grains  per  dry 
standard  cubic  foot)  unless  other  state  or  local  regulations 
were  more  stringent.  However,  with  fabric  filter  control  of 
particulate  emissions,  any  state  or  local  regulation  could  be 
met . 

8.2.2  Carbon  monoxide.  Typical  state  emission  limits  for 
carbon  monoxide  emissions  from  combustion  processes  are  approxi¬ 
mately  500  ppm  on  a  volume  basis.  For  the  lECS  test  program  no 
stack  measurements  of  CO  exceeded  85  ppm. 

8.2.3  Oxides  of  nitrogen.  Few  if  any  states  have  specific 
mass  emission  limitations  that  would  be  applicable  to  this  type 
of  source.  However,  all  states  have  ambient  air  quality  stand¬ 
ards  for  the  maximum  allowable  concentrations  of  oxides  of  ni¬ 
trogen  measured  at  offsite  locations  (i.e.,  outside  of  the  prop¬ 
erty  boundaries)  due  to  source  operations.  Most  states  will  re¬ 
quire  a  modeling  analysis  to  demonstrate  that  the  NO v ,  as 
well  as  other  applicable  ambient  air  quality  standards,  will  not 
be  exceeded.  Assuming  the  installation  of  a  GEP  (good  engineer¬ 
ing  practice)  height  stack,  this  should  not  pose  any  problem. 

8.2.4  Oxides  of  sulfur  and  halogenated  compounds.  Although 
regulated,  due  to  the  low  concentrations  of  sulfur  and  cnlorine, 
mass  emissions  of  oxides  of  sulfur  or  halogenated  compounds  are 
not  anticipated  to  pose  any  problems. 
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9.  ANALYSIS  OF  RESULTS  AND  DEVELOPMENT  OF  INCINERATOR  DE¬ 
SIGN  CRITERIA 

9.1  Analytical  technique.  In  the  early  stages  of  the  lECS 
project  a  test  plan^  was  developed  which  identified  key  proc¬ 
ess  variables  and  established  a  matrix  of  test  conditions  (rep¬ 
licated  for  two  different  soil  types).  This  experimental  design 
was  selected  to  allow  statistical  evaluation  of  the  test  burn 
data.  Two  statistical  analyses  of  variance  (ANOVA)  techniques 
were  utilized  in  the  analysis  of  the  test  burn  data: 

(a)  Forward  and  backward  stepping  multiple  regression 

analyses.^ 

(b)  Two-way  balanced  factorial  analysis.^ 

The  analytical  approach  is  detailed  in  Appendix  B.  The  ob¬ 
jective  of  the  analytical  approach  was  to  apply  the  two  tech¬ 
niques  listed  above  to  combinations  of  the  data  base  input  and 
response  variables  listed  in  Table  23  to  develop  simple  linear 
equations^O  of  the  type: 

y  =  bo  +  bi  Xi  +  . . .  +  bn  Xn  +  E 

Where:  y  =  response  variable 
bo  ®  intercept 
bi  s  regression  coefficient 
Xi  =  input  or  controlled  variables 
E  s  residuals 

The  key  response  variables  of  interest  are: 

(a)  Destruction  and  removal  efficiency  (DRE)  of  explosives. 

(b)  Environmental  impact  of  incineration  of  explosives  con¬ 

taminated  soils  (i.e.,  CO,  NOx,  and  particulates). 

(c)  Incinerator  design  variables  affecting  system  economics 

(i.e.,  kiln  ash  production  rate,  soil  heating  value, 

and  auxiliary  fuel  burn  rate). 

9.2  Destruction  and  removal  efficiency  of  explosives.  No 
explosives  were  detected  in  the  stack  gas  tor  any  of  the  19  test 
burns.  Therefore,  statistical  analysis  is  not  required  to  deduce 
that  for  the  range  of  incinerator  operating  variables  tested 
(i.e.,  soil  feed  rates  as  high  as  500  pounds  per  hour  and  pri¬ 
mary  and  secondary  chamber  temperatures  as  low  as  SOOOp  and 
1,200of,  respectively)  a  DRE  of  100  percent  can  be  expected 
based  on  stack  emissions.  Since  no  explosives  were  detected. 
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TABLE  23.  EVALUATED  INPUT  AND  RESPONSE  VARIABLES 
USING  STATISTICAL  TECHNIQUES 


Soil  Input  Variables 


Soil  type  (SADA  or  LAAP) 

Moisture  content  (oomy,  and  Ib/hr^) 

Ash  content  (ooniv,  and  Ib/hr^) 

Volatiles  (oom^  and  Ib/hr^) 

ExDlosives  (oom^  and  lb/ hr*  dry  basis) 

-  H4X 

-  RDX 

-  TNT 

-  TNB 

-  DNB 

-  2-Ainino2 

-  Total  exDlosiyes 

Elemental  analysis  (DDm^*  dry  basis) 

-  Sulfur 

-  Carbon 

-  Hydroqen 

-  Nitrogen 

-  Chlorine 

Metals  analysis  (oom^*  dry  basis) 

-  Barium 

-  Cadmium 

-  Chromium 

-  CoDoer 

-  Lead 

-  Zinc 

-  Mercury 

Soil  heating  yalue  (Btu/lb)l 
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TABLE  23.  (Continued) 


System  Operating  Input  Variables 


•  4 


•  Kiln  temoerature  (^F) 

•  After  burner  temperature  (°F) 

•  Soil  teed  rate  (Ib/br) 

•  Excess  air  (%) 

•  Afterburner  residence  time  (seconds) 

•  Kiln  ash  residence  time  (minutes) 

•  Combustion  qas  flow  rate  (scfh  and  Ib/hr) 

•  Fuel  burn  rate  (scfh) 

System  Response  Variables 

•  Ash  production  rates 

-  Kiln  ash  (lb/ hr) 

-  Fabric  filter  ash  (Ib/hr) 

•  Particulate  loadings 

-  Fabric  filter  inlet  (grains/scf) 

-  Fabric  filter  inlet  (Ib/hr) 

e  Explosiyes 


ea 
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-  TNT  in  kiln  ash 

-  Total  explosives 

-  Total  explosives 

-  Total  explosives 

-  Total  explosives 


(ppm^) 

in  kiln  ash  (ppm^) 
in  kiln  ash  (Ib/hr) 
in  fabric  filter  ash 
in  fabric  filter  ash 


(ppmvf ) 

(Ib/hr) 


Hetals  in  kiln  ash  (ppm^,,  dry  basis) 


-  Barium 

-  Copper 

-  Lead 

-  Zinc 


9 


86 


4523A 


> 


'4 


>  A  A 


Metals  in  fabric  filter  ash  (0001^^#  dry  basis) 

■>  Barium 

-  Copper 

-  Lead 

-  Zinc 

CO  at  inlet  to  after  burner 
Stack  qas  air  pollutants 

-  HCl  (OOffly) 

-  HCl  (Ib/hr) 

-  SO2  (POffly) 

-  SO2  (Ib/hr) 

-  NOx  (POffly) 

-  NOx  (Ib/hr) 

Destruction  and  removal  efficiencies  of  explosives 
Soil  heatinq  value  (Btu/lb) 

Fuel  burn  rate  (scfh) 


^As  received  basis. 

^Includes  tetryl.  since  tetryl  and  2-amino  are  indistinquisha- 
ble  on  chromatoqraphs. 
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it  is  impossible  to  develop  correlations  to  predict  estimated 
DRE's  at  soil  feed  rates  higher  than  500  pounds  per  hour  or  at 
kiln  temperatures  below  800°?  and  afterburner  temperatures 
below  1,200°?. 

Explosives  were  detected  in  the  combustion  gases  leaving  the 
primary  chamber  for  one  test  burn  (i.e.,  195.9  ppm  for  Test  Run 
No.  0-1).  Explosives  were  not  detected  at  this  sampling  loca¬ 
tion  for  any  other  test  runs.  Therefore,  it  can  be  deduced  that 
as  long  as  the  kiln  is  operated  at  1,200°F  or  higher  and  soil 
feed  rates  400  pounds  per  hour  or  lower,  an  afterburner  is  not 
required  to  destroy  explosives  in  the  combustion  gases. 

No  significant  correlations  could  be  found  to  predict  the 
low-level  concentrations  of  explosives  in  the  kiln  ash.  it  is 
suspected  that  the  reason  for  this  is  the  fact  that  the  explo¬ 
sives  concentrations  in  the  kiln  ash  were  below  or  close  to  the 
detection  limits. 

The  fabric  filter  ash  explosives  concentration  data  were  not 
analyzed  since  the  fabric  filter  was  obviously  contaminated  dur¬ 
ing  Test  Run  No.  0-1  and  subsequent  test  run  ash  samples  contin¬ 
ued  to  reflect  this  initial  contamination. 

9.3  Environmental  impact  of  the  incineration  of  explosives 
contaminated  soils. 

9.3.1  Carbon  monoxide  (CO).  No  attempt  was  made  to  develop 
correlations  to  predict  the  CO  concentrations  measured  at  the 
stack  or  at  the  fabric  filter  inlet  since  14  of  the  19  test  runs 
had  CO  concentrations  at  or  below  the  detection  limit  of  5  ppm 
for  each  of  the  two  sampling  locations.  The  CO  concentrations 
for  the  other  five  test  runs  ranged  from  only  7  to  90  ppm  com¬ 
pared  to  the  Illinois  EPA  limitation  of  500  ppm. 

The  CO  concentrations  measured  at  the  kiln  outlet  were  ana¬ 
lyzed.  The  relationship  between  carbon  monoxide  concentration 
and  the  destruction  and  removal  of  explosives  in  the  primary 
kiln  exhaust  gas  has  previously  been  established  in  Subsection 
8. 1.4.4.  It  has  also  been  stated  that  the  CO  level  in  the  kiln 
gas  may  be  a  critical  system  design  parameter  in  terms  of  indi¬ 
cating  the  ORE  of  explosives,  meeting  stack  emissions  standards. 
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and  the  requirement  of  auxiliary  thermal  treatment  of  the  pri¬ 
mary  kiln  exhaust  gas.  Statistical  evaluation  and  the  litera¬ 
ture'  indicate  that  a  relationship  exists  between  the  kiln 
operating  temperature  and  soil  feed  rate  in  predicting  the  CO 
concentration  in  the  kiln  exhaust  gas.  Of  course,  these  two  var¬ 
iables  are  not  the  only  parameters  which  affect  the  system's  re¬ 
sponse  of  CO.  However,  they  do  represent  a  major  contribution. 
The  kiln  exhaust  gas  flow  rate  (i.e.,  flue  gas  residence  time) 
would  be  another  logical  contributor,  but  was  not  available  for 
analysis  since  isokinetic  conditions  could  not  be  achieved  in 
the  short  duct  between  the  primary  and  secondary  chambers.  Since 
the  gas  flow  rate  at  the  fabric  filter  inlet  (which  should  be 
proportional  to  kiln  exhaust  gas  flow  rate)  was  available,  and 
was  included  in  the  analysis  and  did  not  contribute  significant¬ 
ly,  it  was  assumed  that  the  kiln  exhaust  gas  flow  rate  was  not  a 
significant  contributor  within  the  range  evaluated. 

Figure  17  shows  that  based  on  the  mean  values  of  each  set  of 
raw  data  points  for  soil  feed  rate  and  kiln  temperature  (Test 
Run  Nos.  0-1  and  1-5  excluded  as  data  outliers),  the  CO  concen¬ 
tration  is  constant  and  very  low  above  kiln  temperatures  of 
1,400°?  regardless  of  feed  rate.  This  leads  to  the  expansion 
of  the  statistical  equation  to  values  outside  of  the  tested 
range  as  shown  by  Figure  18.  These  curves  are  based  on  the 
equation: 

CO  =  1,252  -  1.22  (Tk)  +  1.26  (Mg) 

Where:  CO  »  CO  concentration  in  kiln  exhaust  gas  (ppitiy) 

Tk  »  kiln  temperature  (o?) 

Mg  «  soil  feed  rate  (Ib/ht) 

The  equation  is  significant  both  in  terms  of  contribution 
and  probability  of  correctness.  (Refer  to  Appendix  B  for  an  ex¬ 
planation  of  statistical  analyses  and  terminology.)  Curiously, 
the  concentration  of  explosives  and  elemental  carbon  in  the 
soil  did  not  seem  to  be  response-related  variables  in  the 
model.  Therefore,  the  accuracy  of  the  model  is  questionable  at 
very  low  concentrations  of  these  constituents. 

The  probability  of  residuals  in  the  equation  is  depicted  by 
Figure  19.  For  the  range  of  variables  on  which  the  equation  is 
based,  it  is  90  percent  probable  that  the  predicted  value  will 
be  within  the  range  of  +  150  ppm.  At  the  higher  kiln  tempera¬ 
tures  the  margin  of  error  is  drastically  reduced  since  the  raw 
data  are  within  those  levels. 

9.3.2  Oxides  of  nitrogen  (NOx).  The  NOx  concentration 
in  the  stack  gas  is  also  an  important  criteria  since  the  explo¬ 
sives  in  the  soils  are  nitrogen-based  compounds  and  considerable 
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FIGURE  19  PROBABILITY  OF  RESIDUALS  BASED  ON  THE  SYSTEM  MODEL  EQUATION 
FOR  CARBON  MONOXIDE  IN  THE  KILN  EXHAUST  GAS 


regulatory  focus  from  the  state  perspective  will  be  directed  at 
evaluating  the  potential  increases  in  ambient  NOx  concentra¬ 
tions  at  surrounding  off-site  locations.  The  system  equation 
very  closely  correlated  NOx  mass  emission  rates  in  the  stack 
gas  to  two  parameters. 

(a)  Explosive  (TNT)  concentration  in  the  feed  soil. 

(b)  Soil  feed  rate. 

Intuitively,  one  might  expect  a  strong  correlation  between 
thermal  NOx  formation  and  kiln  and  afterburner  operating  tem¬ 
peratures.  However,  the  key  factor  affecting  thermal  NOx  for¬ 
mation  is  flame  temperature,  not  combustion  chamber  temperature. 
Thermal  NOx  controlled  to  low  levels  for  all  runs  by  con¬ 

trolling  the  excess  air  supplied  to  the  burner  nozzles.  A  stoi¬ 
chiometric  propane  flame  (i.e.,  "zero”  excess  air)  temperature 
is  approximately  3,0000?  resulting  in  relatively  high  thermal 
NOx  formation,  whereas,  by  providing  10  percent  excess  air  to 
the  burner  nozzles,  (the  set  point  for  the  lECS  test  program) 
flame  temperatures  are  decreased  to  approximately  2,2000?, 
thereby  substantially  reducing  thermal  NOx  formation. 

Figure  20  illustrates  the  relationship  between  NOx  niass 
emissions  in  the  stack  gas  and  feed  soil  TNT  content  and  feed 
rate.  The  curves  in  Figure  20  are  described  by  the  following 
equation: 

“nOx  “  0«0004  (TNT)  (Ms) 

Where:  Mjjq  a  nOx  mass  rate  in  the  stack  gas  (Ib/hr) 

TNT  *  TNT  concentration  in  percent  (i.e.,  for  20% 
enter  "20") 

Ns  »  soil  feed  rate  (Ib/hr) 

As  shown  in  Figure  20,  NOx  emissions  increase  with  in¬ 
creasing  soil  feed  rate  and  increasing  TNT  concentration.  Figure 
21  presents  the  probability  of  residuals  in  the  above  equation. 
Figure  21  illustrates  that  for  the  range  of  variables  on  which 
the  model  is  based,  it  is  90  percent  probable  that  the  predicted 
value  will  be  within  the  range  of  ■¥  0.5  pounds  per  hour. 
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FIGURE  21  PROBABILITY  OF  RESIDUALS  BASED  ON  THE  SYSTEM  MODEL 
EQUATION  FOR  NO.  IN  THE  STACK  GAS 
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9.3.3  Particulates.  No  attempt  was  made  to  develop  corre¬ 
lations  to  predict  particulate  loading  in  the  stack  gas  since 
the  fabric  filter  consistently  reduced  particulate  emissions  two 
orders  of  magnitude  lower  than  required  to  meet  the  Illinois  EPA 
regulations  or  the  Federal  hazardous  waste  incinerator  regula¬ 
tions.  However,  if  the  particulate  loading  at  the  inlet  of  the 
fabric  filter  is  known  in  conjunction  with  the  particulate  siz¬ 
ing  distribution,  key  sizing  parameters  for  the  fabric  filter 
(i.e.,  air-to-cloth  ratio,  frequency  of  cleaning,  pressure 
drop,  etc.)  can  be  optimized.  The  particulate  size  distributions 
for  the  SADA  and  LAAP  fabric  filter  ash  were  presented  in  Fig¬ 
ures  14  and  15,  respectively.  Figure  22  presents  the  relation¬ 
ship  between  the  fabric  filter  inlet  particulate  loading  and  the 
kiln  ash  j^roduction  rate  based  on  a  least-squares  analysis.  Fig¬ 
ure  22  includes  a  "scatter  plot"  of  18  test  runs  (Test  Run  No. 
0-1  was  excluded),  and  shows  a  general  trend  of  increasing  par¬ 
ticulate  loading  at  the  fabric  filter  inlet  with  increasing  kiln 
ash  production  rate.  Although  the  data  are  not  strongly  corre¬ 
lated  and,  as  shown  in  the  scatter  plot,  variations  of  +  10  to 
50  percent  are  common,  it  can  be  stated  that  the  kiln  ash-to-fly 
ash  ratio  is  within  the  range  of  25:1  to  60:1. 

9.4  Incinerator  design  variables  affecting  system  econom- 

ics. 


9.4.1  Kiln  ash  production  rate.  The  total  ash  production 
rate  is  an  important  variable  in  estimating  the  ash  residue  dis¬ 
posal  costs.  The  kiln  ash  production  rate  is  an  important  varia¬ 
ble  in  establishing  the  design  basis  for  ash  removal,  heat  re¬ 
covery,  storage,  and  disposal  systems. 

No  attempt  was  made  to  develop  correlations  to  predict  kiln 
ash  production  rate  since  total  ash  production  rate  is  equiva¬ 
lent  to  the  amount  of  ash  in  the  feed  soil.  The  kiln  ash  can  be 
estimated  by  simply  subtracting  the  estimated  fly  ash  (i.e.,  ash 
in  combustion  gases  going  to  the  fabric  filter)  from  the  total 
ash  in  the  soil  feed.  As  shown  in  Subsection  9.3.3,  the  fly  ash 
ranges  from  approximately  2  to  4  percent  of  the  total  ash,  re¬ 
sulting  in  kiln  ash  values  ranging  from  98  to  96  percent. 


96 


4523A 


9.4.2  Soil  heating  value.  The  heating  value  of  the  soil  is 
an  important  vari-:ble  in  estimating  fuel  consumption,  burner  de¬ 
sign,  and  heat  release  rates  within  the  primary  chamber.  Figure 
23  presents  the  projected  soil  heating  value  based  on  the  per¬ 
cent  elemental  carbon  and  percent  volatiles  in  the  feed  soil. 
The  curves  in  Figure  23  are  described  by  the  following  equation: 

HHVs  =  -554  +  126  (%  C)  +  47  (%  VM) 

Where;  HHVs  “  higher  heating  value  of  the  soil  (Btu/lb, 
dry  basis) 

%  C  =  elemental  carbon  in  the  soil  in  percent 

%  VM  =  volatile  matter  in  the  soil  in  percent 

Figure  24  presents  the  probability  of  residuals  in  the  above 
equation.  Figure  24  illustrates  that  for  the  range  of  variables 
on  which  the  model  is  based,  it  is  90  percent  probable  that  the 
predicted  value  will  be  within  the  range  of  +  200  Btu  per  pound, 

9.4.3  Fuel  burn  rate.  Figure  25  closely  correlates  overall 
propane  fuel  consumption  for  the  test  burns  based  on  the  kiln 
temperature  (assuming  the  afterburner  temperature  is  400Of 
higher),  the  soil  heating  value,  the  soil  feed  rate,  total  sys¬ 
tem  air  flowrate,  and  the  percent  ash  in  the  soil.  As  shown  in 
Figure  25,  the  propane  burn  rate  decreases  as  kiln  temperature 
decreases  and  as  soil  feed  rate  increases.  The  curves  in  Figure 
25  are  given  by  the  following  equation: 

Qc^Hq  =  0*21  (Ma)  +  0.77  (400  +  T^)  -  0.24  (HHVg) 

^  ^  -  0.52  (Mg)  -  9.0  (%  ash)  -  303 

Where;  QC3H8  “  propane  burn  rate  (scfh) 

Ma  =  total  system  air  flow  rate  (assumed  4,692 
Ib/hr)* 

Tk  =  kiln  temperature  (OF;  assumes  after¬ 
burner  is  400OF  higher) 

HHVg  =  higher  heating  value  of  the  soil  (assumed 
868  Btu/lb,  dry  basis)* 

Mg  =  soil  feed  rate  (Ib/hr) 

%  ash  =  ash  in  the  soil  in  percent  (assumed  55.9%)* 

Figure  26  presents  the  probability  of  residuals  in  the  above 
equation.  Figure  26  illustrates  that  for  the  range  of  variables 
on  which  the  model  is  based,  it  is  90  percent  probable  that  the 
predicted  value  will  be  within  the  range  of  +  70  scfh  of  pro¬ 
pane. 


Based  on  the  average  air  flow  rate,  heating  value,  and  percent 
ash  in  the  soil  for  the  18  SADA  and  LAAP  test  runs  summarized 
in  Figures  13  and  14. 
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FIGURE  25  PROPANE  BURN  RATE  BASED  ON  KILN  TEMPERATURE 
AND  SOIL  HEATING  VALUE 


9.5  Suitunary  of  optimum  incinerator  design  criteria.  As  a 
result  of  the  analysis  ol  the  data  generated  during  the  lECS 
testing  program/  the  following  guidelines  for  optimum  incinera¬ 
tor  design  have  been  developed: 

(a)  Soil  feed  rate.  Based  on  the  feed  system  tested  and  the 

physical  dimensions  of  the  kiln,  soil  feed  rates 
above  400  pounds  per  hour  cannot  be  recommended. 
Higher  feed  rates  appear  to  be  practical  as  long  as 
the  kiln  design  (i.e.,  kiln  diameter,  length,  slope, 
and  speed  of  rotation)  provides  kiln  ash  residence 
times  in  the  range  of  1  to  2  hours.  For  larger  units 
a  "continuous"  rather  than  "bulk"  feed  system  would 
be  preferable  due  to  lower  instantaneous  heat  release 
rates  when  the  soil  is  fed.  Soil  moisture  content 
should  be  minimized  to  reduce  fuel  consumption. 

(b)  Kiln  temperature.  Based  strictly  on  explosives  destruc¬ 

tion,  kiln  temperatures  as  low  as  800°P  are  ac¬ 
ceptable  as  long  as  an  afterburner  temperature  of  at 
least  1,200^P  is  maintained.  However,  operation  of 
the  kiln  below  1,200°F  cannot  be  recommended  be¬ 
cause  of  poor  kiln  ash  quality  (i.e.,  large  clinkers 
and  ammonia  smell).  If  the  kiln  temperature  is  main¬ 
tained  at  a  minimum  of  1,400<^F,  an  afterburner  is 
not  required  for  the  control  of  any  pollutants  in¬ 
cluding  explosives  and  CO.  There  is  no  justification 
for  operating  the  kiln  above  1,400^F  with  or  with¬ 
out  an  afterburner. 

(c)  Afterburner  temperature.  If  an  afterburner  is  provided, 

there  is  no  justification  for  operation  above 
1,400of  and  combustion  gas  residence  times  in  ex¬ 
cess  of  1  to  2  seconds.  Destruction  of  CO  in  the  com¬ 
bustion  gases  and  not  explosives  is  the  most  limiting 
criteria  for  design  of  the  afterburner. 

(d)  Burner  design.  Location  of  the  kiln  burner  such  that 

the  soil  rotates  directly  into  the  flame  after  being 
fed  was  a  positive  feature  of  the  incinerator  design. 
Co-current  firing  (i.e.,  burner  and  soil  feed  at  the 
same  end  of  the  kiln)  was  also  a  positive  feature 
which  essentially  eliminates  the  requirement  for  an 
afterburner. 

The  kiln  burner  heat  input  rate  and  turndown  ratio 
should  be  designed  to  accommodate  a  feed  soil  with  a 
heating  value  of  0  to  2,500  Btu  per  pound  with  mois¬ 
ture  contents  as  high  as  30  percent.  The  secondary 
burner  (if  required)  should  not  be  required  to  pro¬ 
vide  more  than  200Of  temperature  increase  above 
the  kiln  temperature.  However,  a  higher  design  heat 
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input  rate  may  be  practical  to  allow  timely  preheat 
of  the  refractory. 

(e)  Excess  air.  The  induced  draft  fan  and  combustion  air 

inlet  ports  should  be  designed  to  provide  100  to  200 
percent  excess  air  in  the  primary  chamber  and  up  to 
100  percent  excess  air  in  the  secondary  chamber. 

(f)  Kiln  ash  collection/heat  recovery.  During  the  lECS 

testing  program,  the  kiln  ash  samples  were  collected 
from  four  separate  depths  within  each  ash  drum  imme¬ 
diately  after  the  drum  was  removed  from  the  ashpit. 
The  hot  ash  sample  was  composited,  placed  in  a  metal 
can,  and  cooled  by  placing  in  a  water  bath.  There¬ 
fore,  this  sampling  technique  did  not  take  credit  for 
further  degradation  of  explosives  that  would  most 
likely  have  resulted  due  to  long  residence  times  of 
the  kiln  ash  in  the  drums  at  elevated  temperatures 
during  gradual  cool  down.  This  sampling  technique 
closely  approximates  a  full-scale  kiln  ash  removal 
system  incorporating  a  planetary  cooler  (or  similar 
heat  tranfer  method)  to  preheat  the  combustion  air  or 
waste  heat  boiler  feed  water. 

(g)  Heat  recovery.  A  heat  recovery  system  (i.e.,  heat  ex¬ 

changer  or  waste  heat  boiler)  with  a  design  heat  re¬ 
covery  efficiency  of  approximately  80  percent  is  re¬ 
quired  to  cool  the  incinerator  combustion  gases  prior 
to  entering  the  fabric  filter. 

(h)  Particulate  control.  A  fabric  filter  is  required  for 

particulate  control.  Based  on  the  inlet  loading  and 
particle  size  distribution,  a  pulse-jet  cleaned  out¬ 
side  collector  is  recommended  with  a  design  air-to- 
cloth  ratio  of  5:1. 

(i)  Equipment  size  limitations.  The  use  of  a  "transporta¬ 

ble"  incinerator  appears  to  be  extremely  advantageous 
for  future  remedial  action  projects.  Therefore,  indi¬ 
vidual  component  design  (e.g.,  rotary  kiln)  should 
take  into  consideration  size  limitations  for  truck 
and/or  rail  shipment. 
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10.  CONCLUSIONS  AND  RECOMMENDATIONS 

10.1  Conclusions.  The  lECS  project  demonstrated  the  fol¬ 
lowing: 

(a)  A  "transportable"  incineration  system  can  be  disassem¬ 

bled,  loaded  on  trucks,  transported  approximately 
1,000  miles,  and  be  reassembled  and  fully  operational 
within  2  weeks. 

(b)  The  explosives  contaminated  soils  can  be  excavated, 

transported  to  the  incineration  site,  fed  into  the 
incinerator,  and  thermally  decontaminated  in  a  safe 
and  environmentally  acceptable  manner. 

(c)  Comparing  the  mass  of  explosives  measured  in  the  ash 

residues  and  the  stack  gas  to  the  mass  of  explosives 
in  the  soil  feed,  the  following  destruction  and  re¬ 
moval  efficiencies  were  demonstrated: 

-  Greater  than  99.99  percent  destruction  efficiency 
in  the  kiln  ash. 

-  Greater  than  99.9999  percent  destruction  efficiency 
in  the  fabric  filter  ash. 

-  No  explosives  detected  in  the  stack  gas,  which  re¬ 
sults  in  an  overall  destruction  and  removal  effi¬ 
ciency  (DRE)  of  300  percent. 

(d)  Stack  emissions  were  in  compliance  with  all  Federal, 

state,  and  local  regulations  including: 

-  Sulfur  dioxide  (SO2) 

-  Hydrogen  chloride  (HCl) 

-  Oxides  of  nitrogen  (NOx) 

-  Carbon  monoxide  (CO) 

-  Particulates 

(e)  Ash  residues  were  not  hazardous  due  to  the  characteris¬ 

tics  of  EP  toxicity  or  reactivity.  Application  has 
been  filedl  with  the  Illinois  EPA  to  allow  land 
application  of  the  ash  residues  at  the  Savanna  Army 
Depot  Activity. 

(f)  The  incineration  system  demonstrated  the  capability  of 

safe  and  reliable  operation  over  a  wide  range  of  op¬ 
erating  conditions,  including  a  longer-term,  steady- 
state  production  mode  of  operation. 
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Comparison  of  the  lECS  project  results  to  the  applicable 
Federal  regulatory  criteria  demonstrated  the  following; 

(a)  It  appears  that  the  explosives  contaminated  soils  are 

exempt  from  selected  sections  of  the  Federal  hazard¬ 
ous  waste  incineration  standards  (40  CFR,  Part  264). 
However,  final  judgment  on  this  exemption  will  rest 
with  the  respective  EPA  Regional  Administrator.  Four 
factors  combine  to  make  an  extremely  strong  case  that 
the  EPA  regional  administrators  would  approve  this 
exemption: 

-  The  explosives  contaminated  soils,  when  mixed  with 
water,  do  not  generate  toxic  gases  and  they  are  not 
cyanide-  or  sulfide-bearing  wastes. 

-  The  concentrations  of  40  CFR,  Part  261  -  Appendix 
VIII  hazardous  constituents  are  extremely  low. 

-  No  other  hazardous  wastes  would  be  incinerated  sim¬ 
ultaneously  with  the  explosives  contaminated  soils. 

-  The  incineration  site  would  most  likely  be  a  remote 
U.S.  Army  location  which  would  further  limit  poten¬ 
tial  hazards  to  the  general  public. 

(b)  For  future  full-scale  remedial  action  projects  waste 

analysis  data  must  be  submitted  with  the  Part  B  per¬ 
mit  application  for  the  project.  If  the  above-de¬ 
scribed  exemption  is  granted,  the  implications  would 
be  as  follows: 

-  A  formal  trial  burn  would  not  be  required. 

-  The  incinerator  would  not  be  required  to  r3et  in¬ 
cinerator  performance  standards  (including  the 
99.99  percent  DRE  requirement). 

-  The  incinerator  would  be  exempt  from  all  Federal 
operating,  monitoring,  and  inspection  requirements. 

All  ash  residues  would  be  classified  as  hazardous 
wastes;  however,  the  lECS  project  results  clearly 
demonstrate  that  delisting  of  the  ash  residues  should 
be  a  straightforward  process,  assuming  the  ash  passes 
the  EP  toxicity  test. 

(c)  If  the  above  exemption  is  not  granted,  the  implications 

would  be  as  follows: 

-  Clearly,  the  results  of  the  lECS  test  program 
should  exempt  the  U.S.  Army  from  any  further  trial 
burn  requirements  unless  the  waste  analysis  of  the 
explosives  contaminated  soils  is  significantly  dif¬ 
ferent  than  the  SADA  or  LAAP  soils. 
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-  The  lECS  test  results  demonstrated  consistent  com¬ 
pliance  with  all  incinerator  performance  standards. 

-  It  appears  that  only  two  additional  pieces  of  in¬ 
strumentation  would  be  required  to  supplement  the 
incineration  equipment  and  controls  supplied  by 
ThermAll,  Inc.  for  the  lECS  test  program:  1)  a  de¬ 
vice  for  continuously  measuring  combustion  gas  ve¬ 
locity,  and  2)  a  device  for  continuously  measuring 
carbon  monoxide  at  the  stack.* 

In  summary,  if  the  exemption  is  not  granted  the  per¬ 
mitting  and  reporting  requirements  will  most  likely 
be  more  rigorous  and  time  consuming;  however,  compli¬ 
ance  with  the  regulations  would  not  be  problematic. 

In  the  early  stages  of  the  lECS  project  a  test  plan^  was 
developed  which  identified  key  process  variables  and  established 
a  matrix  of  test  conditions  (replicated  for  two  different  soil 
types).  This  experimental  design  was  selected  to  allow  statisti¬ 
cal  evaluation  of  the  test  burn  data.  As  a  result,  significant 
simple  linear  models  were  developed  which  accurately  predict  in¬ 
cinerator  air  pollutant  emission  criteria,  as  well  as  important 
incinerator  design  parameters  (e.g.,  ash  production  rates,  soil 
heating  value,  and  supplemental  fuel  burn  rate). 

A  pneumatic  ram  feeder  utilizing  a  standard  12-quart  galvan¬ 
ized  mop  pail  to  contain  the  contaminated  soil  was  selected  and 
designed  specifically  for  this  testing  program.  Traditional  feed 
systems  (e.g.,  screw  conveyors,  ram  feeders,  etc.)  were  unac¬ 
ceptable  due  to  the  potential  explosive  hazards  associated  with 
frictional  forces  and/or  confinement.  The  bucket  feed  system  met 
all  of  the  test  objectives  and  proved  to  be  very  safe  and  re¬ 
liable.  During  the  course  of  the  testing  program,  the  feed  sys¬ 
tem  cycled  over  4,000  times  without  a  single  failure.  However, 
it  is  anticipated  that  the  bucket  feed  system  will  not  be  suit¬ 
able  for  full-scale  remedial  action  projects  due  to  the  dis¬ 
advantages  of  limited  feed  rates  (due  to  the  required  cycle 
times)  and  of  being  relatively  labor  intensive. 

10.2  Recommendations .  The  success  of  the  lECS  testing  pro¬ 
gram  (i.e.'T  no  explosives  detected  in  the  combustion  gases  en¬ 
tering  the  secondary  chamber  and  stack  CO  and  particulate  emis¬ 
sions  orders  of  magnitude  below  the  regulatory  limits)  suggests 
that  certain  system/process  modifications  should  be  evaluated  to 


•This  device  may  serve  a  dual  role  since  the  lECS  test  data  in¬ 
dicate  that  CO  monitoring  will  provide  a  dependable  and  cost- 
effective  way  to  ensure  proper  combustion  of  explosives,  as 
well  as  CO. 
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optimize  cost  effectiveness,  while  at  the  same  time  meeting  all 
environmental  goals.  The  evaluation  of  system/process  modifica¬ 
tions  should  include: 

(a)  Reduce  the  temperature  of  the  secondary  chamber  to  re¬ 

duce  fuel  usage. 

(b)  Reduce  the  secondary  chamber  volume  (i.e.,  flue  gas 

residence  time)  to  reduce  capital  costs. 

(c)  Reduce  the  excess  air  supplied  to  both  the  primary  and 

secondary  chambers  to  reduce  fuel  costs  and  fan  power 
costs. 

(d)  Potentially  eliminate  the  secondary  chamber  and: 

-  Monitor  CO  at  the  kiln  outlet. 

-  Increase  the  kiln  flue  gas  residence  time. 

-  Increase  the  kiln  temperature. 

(e)  Increase  the  soil  feed  rate  to  the  kiln  to  improve 

overall  economics  and  potentially  increase  the  kiln 
volume  to  provide  adequate  ash  residence  time. 

(f)  Increase  the  air-to-cloth  ratio  in  the  fabric  filter 

(i.e.,  reduce  size  of  unit)  to  reduce  capital  costs. 

(g)  Evaluate  the  feasibility  of  retrofitting  the  U.S.  Army 

APE-1236  deactivation  furnaces  for  thermally  treating 
explosives  contaminated  soils. 

(h)  Evaluate  the  feasibility  of  transporting  the  explosives 

contaminated  soils  to  a  commercial  incineration  fa¬ 
cility  for  thermal  treatment. 

The  evaluation  of  the  above  system/process  modifications 
will  be  the  objective  of  Phase  II  of  the  lECS  project  (Task  Or¬ 
der  No.  7 ) . 
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APPENDIX  B 


ANALYSIS  TECHNIQUES 


The  two  analysis  techniques  aoDlied  to  tne  raw  data  base 
were  muitiole  linear  reqression  and  balanced  two-way  factorial. 

B.l  TWo-way  factorial.  The  balanced  two-way  factorial  re¬ 
quires  a  balanced  matrix  of  the  controlled  variables,  in  this 
case  soil  feed  rate  and  kiln  temoerature  (afterburner  tempera¬ 
ture  was  controlled,  but  was  directly  related  to  kiln  tempera¬ 
ture),  and  equal  observations  in  each  cell.  A  3  by  i  matrix  was 
developed  for  the  trial  burns  with  two  observations  in  each 
cell  -  the  SAOA  soil  and  the  LAAP  soil.  The  raw  test  data  were 
analyzed  usinq  a  Tektronix  4054  microcomputer  and  associated 
plot-50  analysis  software.®*^  The  critical  result  of  this 
analysis  was  the  relationship  of  CO,  soil  feed  rate,  and  kiln 
temoerature.  Additionally,  the  system  software  allowed  the  iden¬ 
tification  of  data  outliers. 

An  important  consideration  of  any  data  set  is  the  repeata¬ 
bility  of  the  data  and  the  identification  of  outliers.  A  common 
means  of  desiqnatinq  repeatability  is  fittinq  the  data  into  a 
"box  and  whisker"  plot  which  qraphically  snows  the  median,  in¬ 
terquartile  ranqe'*,  extremes  and  symmetry  of  variable  values. 
Refer  to  Fiqures  B-1  throuqh  b-23  at  the  end  of  this  appendix. 

The  oroqram  cateqorized  the  data  values  at  the  ends  of  the 
distribution  into  three  qroups: 

(a)  Those  values  within  1.5  Q- spreads  of  the  upper  or  low¬ 

er  quartile.  The  two  outermost  of  these  values  define 
the  ends  of  the  whiskers  and  are  called  adjacent  val¬ 
ues. 

(b)  Those  values  between  1.5  and  3  Q-spreads  from  the  upper 

or  lower  quartile,  called  outside  values.  Each  out¬ 
side  value  is  represented  on  the  Plot  by  a  cross. 

(c)  Those  yalues  more  than  3  Q-spreads  from  the  upper  or 

lower  quartile,  called  far  outside  values.  Each  far 
outside  value  is  represented  on  the  plot  by  a  square. 


♦The  lenqth  of  the  box  -  the  interquartile  ranqe  -  is  called  the 
Q-spread. 


B-1 


4554A 


The  relatively  few  identified  outside  and  far  outside  values 
demonstrate: 

(a)  Consistency  of  soil  preoaration. 

(b)  Even  distribution  of  constituents  in  the  soil  in  the 

areas  from  which  the  feed  was  collected. 

(c)  High  confidence  in  the  sampling  and  analysis. 

B.2  Multiple  regression.  The  multiple  regression  analysis 
reduces  the  data  to  a  linear  equation  as  discussed  in  Section 
which  can  be  used  to  predict  important  response  variables.  The 
use  of  stepwise  analysis  allows  the  determination  of  regression 
coefficients,  while  interactively  specifying  the  system  equa¬ 
tions  via  addition  or  deletion  of  singular  variables. 

As  with  any  statistical  tool,  there  are  limitations  of  the 
multiple  regression  technique;  however,  these  limitations  can  be 
overcome  as  discussed  in  the  following  subsections. 

In  the  case  of  a  nonlinear  relationship  between  the  input 
variables  and  the  response  variable,  the  alternative  procedures 
include: 

(a)  Reduce  the  span  of  the  analysis  of  the  response  varia¬ 

ble  until  an  acceptable  correlation  is  found. 

(b)  Transform  the  response  variable,  e.g., 

LN(Y)  =  a  +  bnXn 

(c)  Weigh  each  of  the  input  variables,  e.g., 

Y  =  a  +  biwixi  +  b2W2X2  +  . . .  + 

(d)  Use  multiple  regression  as  the  initial  iterative  step 

followed  by  analysis  by  a  different  technique  to  fin¬ 
alize  the  correlation. 

(e )  Utilize  the  linear  relationship  in  an  estimation  capac¬ 

ity  recognizing  there  may  be  variance  from  the  true 
relationship. 

In  order  to  determine  the  exact  relationship  between  the 
variables  over  a  useful  span,  the  second,  third,  and  fourth  pro¬ 
cedures  would  have  to  be  employed  following  each  of  a  series  of 
trial  operations  similar  to  the  test  recently  completed.  This 
would  Pe  very  costly  and  time  consuming,  and  is  impractical  for 
this  analysis. 

A  correlation  which  minimizes  the  variance  from  the  true  re¬ 
lationship  could  be  developed  using  the  second,  third,  and 
fourth  procedures  to  analyze  the  data  recorded  from  the  complet¬ 
ed  test.  Although  this  procedure  could  extract  some  otherwise 
indistinguishable  relationships  from  the  data,  it  would  be  very 
time  consuming  and  is  also  not  within  the  scope  of  this  project. 
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The  method  qenerallv  accepted  as  the  initial  iterative  step 
is  a  combination  ot  the  first  and  fifth  procedures,  whereby  a 
basic  correlation  would  be  developed  followed  by  the  determina¬ 
tion  of  its  useful  span.  This  data  analysis  is  based  on  this 
method. 


One  advantage  of  multiple  regression  is  the  ability  to  sim¬ 
ultaneously  analyze  unlimited  numbers  of  input  variables.  When 
computers  are  used  to  perform  the  analysis  the  number  of  input 
variables  may  be  limited  by  the  software  or  hardware  of  the  com¬ 
puter.  WESTON  has  utilized  software  and  hardware  which  can  ana¬ 
lyze  all  of  the  test  variables  simultaneously.  A  Tektronix  4054 


microcomputer  and  its  associated  piot-50 
Linear  Regression  software  package^  was 


statistics:  Multiple 

utilized  to  perform 


the  computations  necessary  for  the  iterative  steps. 


It  should  be  noted,  however,  that  the  numoer  of  calculations 
required  to  solve  the  equations  used  in  the  analysis  increases 
factor lally  as  each  additional  variable  is  included  in  the  anal¬ 
ysis.  Computer  time  should  be  a  consideration  when  deciding  the 
number  ot  input  variables  to  be  analyzed. 


As  the  number  of  input  variaoles  increases,  so  does  the 
orobaoility  of  coincidence  (i.e.,  an  input  variable  may  not  ac¬ 
tually  be  correlated  to  the  response  variable  other  than  by  co¬ 
incidence).  While  only  additional  testing  can  prove  correlation 
by  coincidence,  this  factor  can  be  discounted  based  on  scientif¬ 
ic  judgment  and  adjustment  to  the  response  parameters. 


B.3  Final  solution.  Application  of  both  the  two-way  factor¬ 
ial  and  multiple  regression  packages  yielded  identification  of 
outliers,  ANOVA  tables,  regression  tables,  plots  of  residuals, 
and  summary  of  successive  significance  of  input  variables. 


The  ANOVA  table  includes  the  following  information*; 


(a)  SS  -  The  sum  of  squares  of  the  deviations. 

(b)  MS  -  The  mean  square,  which  is  SS/df . 

(c)  df  -  Degress  of  freedom. 

(d)  F  -  The  value  of  the  F  statistic,  such  that 

F  «  (Regression  SS/df ) /(Residual  SS/df). 


♦A  glossary  of  statistical  terms  is  provided  in  Table  B-1  at  the 
end  of  this  appendix. 


B-3 


4  554A 


(e )  Pr>F  -  The  probability  that  a  value  of  a  random  varia¬ 

ble  having  the  F-distr ibution  takes  on  a  value  great¬ 
er  than  the  value  of  F.  A  value  less  than  0.1  indi¬ 
cates  significance  of  the  F  statistic  and,  conse¬ 
quently,  the  overall  system  equations.  Statisticians 
normally  associate  a  Pr  >  F  value  of  less  than  0.05 
with  a  very  significant  hypothesis. 

(f)  R-square  -  The  coefficient  of  determination,  which 

gives  a  measure  of  the  linear  association  between  the 
dependent  variable  and  the  set  of  independent  varia¬ 
bles.  The  R-square  value  indicates  the  significance 
of  the  model  (or  variable)  where  1.0  equals  100  per¬ 
cent. 

(g)  Rbar-square  -  An  adjustment  to  R-square  for  its  tenden¬ 

cy  to  increase  as  the  number  of  independent  variables 
increases.  The  adjustment  is 

1  -  (  (  i  res2/(n-p)  )/(  i  (Yj-Y)  2/(n-l) ) 

(h)  Root  of  Residual  MS  -  The  square  root  of  the  residual 

mean  square. 

The  regression  table  includes  the  following  information  for 
each  variable  coefficient  in  the  regression  equation: 

(a)  Estimate  -  The  estimated  value  of  the  coefficient. 

(b)  Standard  Error  -  The  standard  error  of  the  regression 

coefficient  estimates. 

(c)  t  -  The  value  of  the  t-statistic,  which  is,  for  each 

estimate : 

Estimate/Standard  Error. 

(d)  Pr>ABS(t)  -  The  probability  that  the  absolute  value  of 

a  random  variable  having  the  t-distr ibution  takes  on 
a  value  greater  than  the  absolute  value  of  t.  A 
value  of  Pr>ABS(t)  of  less  than  0.1  indicates  sig¬ 
nificance  of  the  t-stdtic  and,  consequently,  the  es¬ 
timated  value  of  the  coefficient.  Statisticians  nor¬ 
mally  associate  a  Pr>ABS(t)  value  of  less  than  0.05 
with  a  very  significant  hypothesis. 

The  value  of  the  Durbin-Watson  statistic  can  be  used  to  test 
whether  the  residuals  are  uncorrelated. 

The  plot  of  residuals  indicates  the  difference  between  the 
measured  values  and  the  fitted  values  in  graphical  form,  obser¬ 
vations  for  which  the  residual  is  greater  than  one  standard  de¬ 
viation  are  labeled  on  the  plot. 
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For  each  iterative  steo,  both  the  forward  and  backward  steo- 
Dinq  techniques  are  applied.  The  forward  stepping  analysis  al¬ 
lows  the  statistician  to  select  a  variable  to  be  added  to  tne 
model,  or  the  Tektronix  4054  will  automatically  select  the  vari¬ 
able  which  is  most  significant  of  those  remaining,  and  add  it  to 
the  model.  The  forward  stepping  technique  determines  the  margin¬ 
al  contribution  of  each  variable  added.  The  backward  stepping 
technique  includes  all  of  the  selected  variables  to  determine 
interrelationships  between  the  input  variaoies  and  to  calculate 
an  overall  system  equation. 

The  Iteration  process  was  continued  until  significant  and 
practical  system  equations  were  developed.  System  equations 
were  rejected  it: 

(a)  The  probability  that  the  hypothesized  equation  was  not 

correct  exceeded  10  percent  (Pr>F  was  not  less  than 

0.1) . 

(b)  The  significance  of  the  equation  did  not  approach  90 

percent  (R-square  did  not  approach  0.9)  or  too  many 
variables  were  required  to  reach  this  level. 

(c)  Separation  of  observations  by  soil  type  was  required. 

(d)  The  range  of  response  variables  for  which  a  correlation 

could  be  developed  was  too  small. 

(e )  Transformation  of  the  data  was  required. 

Input  variables  were  eliminated  from  the  system  equations 
based  on: 

(a)  Insignificant  marginal  contribution  to  the  model  deter¬ 

mined  by  the  R-squared  value  computed  during  the  for¬ 
ward  stepping  process. 

(b)  A  high  probaoility  that  the  hypothesized  variable  coef¬ 

ficient  was  not  correct  as  determined  by  the  analysis 
of  the  t  statistic  of  the  regression  table  {Pr> 
ABS  (t)  ) . 

(c)  Scientific  and  intuitive  reasoning  suggesting  alterna¬ 

tive  correlations  between  the  input  variable  in  ques¬ 
tion  and  the  response  variaole. 

(d)  The  coefficient  of  the  input  variable  was  corrective. 

The  system  model  is  a  set  of  simple  linear  equations  which 
describe  certain  system  parameters  and  enaole  the  projection  of 
responses  to  be  calculated  based  on  measureabie  input  data.  The 
use  of  the  system  model  can  vary  from  a  basis  for  an  environ¬ 
mental  permit  application  to  becoming  an  aid  tor  system  design 
or  ultimately  a  dynamic  model.  The  intended  use  of  the  system 
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equations  tor  the  ourooses  ot  this  reoort  is  the  orojection  of 
system  requirements  to  aid  in  future  technical  and  economic 
feasibility  analyses  of  incineration  as  a  decontamination  method 
for  explosives  contaminated  soils  as  well  as  system  desiqn. 


TABLE  B-1 


GLOSSARY  OF  STATISTICAL  TERMINOLOGY 


Adjacent  value  -  The  furthest  data  value  from  tne  median  that  is 
still  within  1.5  Q-spreads  of  the  upper  or  lower  quartile. 

ANOVA  table  -  Analysis  of  Variance  table.  The  ANOVA  table  pro¬ 
vides  a  useful  summary  of  calculations  about  variability.  It 
contains  sums  of  squares  and  mean  square  estimates  of  the  two 
sources  of  variability  (regression  and  residuals)  and  their  re¬ 
spective  degrees  of  freedom,  the  value  of  the  F-statistic,  R- 
square,  Rbar-square,  and  Pr  F. 

Censored  data  -  Data  falling  outside  the  interval  of 
measurement . 

Dependent  variable  -  The  variable  to  be  described  in  terms  of 
others  in  the  regression  model. 

Far  outside  value  -  A  data  value  Iving  more  than  3  Q-spreads  be¬ 
yond  the  upper  or  lower  quartile. 

Fitted  values  -  Values  of  the  dependent  variable  calculated  from 
tne  regression  equation  and  existing  values  of  the  independent 
variables  in  the  model. 

Independent  variable  -  A  variable  used,  oossiblv  in  conjunction 
with  other  variables,  to  describe  a  given  dependent  variable. 

Least  squares  -  Tne  least-squares  method  is  a  method  of  line- 
fitting  that  determines  parameter  values  to  minimize  the  sum  of 
squares  of  the  deviations  (lengths  of  the  vertical  line  seg¬ 
ments)  from  the  observed  data  points  to  the  line. 

Mean  -  The  arithmetic  average  of  a  column  of  data. 

Median  -  The  middle  value  in  an  ordered  column  of  data;  that  is, 
the  data  value  halt  way  between  the  too  and  bottom. 

Missing -data  value  -  A  numeric  constant  used  as  a  place  holder 
tor  data  missing  from  the  data  set. 

Mode  -  Ti  3  value  that  occurs  most  often  in  a  data  set. 

Model  -  A  statistical  equation  that  expresses  the  supposed 
(often  only  approximate)  functional  relation  oetween  variables. 
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TABLE  B-I.  (Continued) 


Observation  -  A  row  of  data  in  a  data  file. 

Outliers  -  A  oair  of  values  beinq  plotted  is  an  outlier  it  the 
value  for  one  of  the  variables  falls  outside  a  specified  number 
of  standard  deviations  from  its  mean.  (Outliers  for  an  index 
Plot  are  defined  only  on  the  variable  for  the  y  axis.)  Wore  qen- 
erally.  any  discrepant  value. 

Outside  value  -  A  data  value  lyinq  between  1.5  and  3  Q- spreads 
beyond  the  upper  or  lower  quart ile. 

Pr>ABS(t)  -  The  probability  that  the  absolute  value  of  a  random 
variable  havinq  the  the  t  distribution  takes  on  a  value  qreater 
than  the  value  of  the  t  statistic  calculated  as  part  of  the  re- 
qression  table. 

Pr>F  -  The  probability  that  a  random  variable  havinq  the  F  dis¬ 
tribution  takes  on  a  value  qreater  than  the  value  of  the  F  sta¬ 
tistic  calculated  as  part  of  the  ANOVA  table. 

Predicted  value  -  The  value  of  the  dependent  variable  calculated 
from  the  repression  equation  and  new  values  of  the  independent 
variables  in  the  model. 

Probability  Plot  -  Values  of  a  variable  plotted  on  a  probability 
scale.  The  horizontal  scale  refers  to  percentaqes  of  the  proba¬ 
bility  distribution.  The  vertical  scale,  an  ordinary  arithmetic 
scale,  IS  for  the  variable.  The  deqree  to  which  the  data  lies  on 
a  straiqht  line  indicates  the  closeness  of  fit  of  the  sample 
distribution  to  the  theoretical  distribution. 

Q-spread  -  The  distance  between  the  quartiles. 

Raw  data  -  The  set  of  data  values  read  from  a  data  file  and  used 
directly  by  an  alqorithm,  as  opposed  to  a  set  of  data  read  from 
a  data  file  and  manipulated  by  transformations  before  beinq 
used . 

Repression  coefficient  -  The  coefficients  of  the  equation  used 
in  a  repression  model. 

Repression  table  -  A  table  that  provides  a  summary  of  repression 
calculations.  It  contains  parameter  estimates,  the  standard  er¬ 
ror  of  the  estimates,  the  value  of  the  t  statistic,  the  t  proba¬ 
bility,  and  the  mean  and  standard  deviation  of  the  dependent 
variable . 
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TABLE  B-i.  (Continued) 


Residuals  -  The  difference  between  the  actual  values  and  the 
fitted  values  of  the  deoendent  variable  (see  definition  for  e). 

Resistant  line  -  A  line  fitted  through  the  data  bv  resistant 
techniques  rather  than  by  least  squares.  The  resistant  line  is 
less  sensitive  to  the  effects  of  outliers,  especially  when  the 
outliers  are  near  the  extremes  of  the  data. 

Response  variable  -  Another  name  for  a  dependent  variable. 

Scatter  plot  -  A  scatter  plot  is  a  graphical  display  showing  how 
two  variables  are  related  to  each  other. 

Standard  deviation  -  The  square  root  of  the  variance. 

Standard  error  of  the  mean  -  The  standard  deviation  of  a  set  of 
sample  means. 

Variance  -  The  average  of  the  sum  of  the  squares  of  the  devia¬ 
tion  of  each  observation  from  the  mean  of  the  variable. 
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SECTIONS  261.1  -  261.33 
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Appendix  VII — Basis  for  Listing 
Appendix  VIII — Hazardous  Constituenis 
Authority:  Secs.  1006.  2002(a).  3001.  and 
3002  of  the  Solid  Waste  Disposal  Act  as 
amended  by  the  Resource  Conservation  and 
Recovery  Act  of  1976.  as  amended  (42  U.S.C. 
690S.  aolz  6921  and  6922). 

Subpart  A— Ganarai 
$261.1  Purpoaa  and  scopa. 


PAirr  261— lOENTinCATION  AND 

USTING  OF  HAZARDOUS  WASTE 

Suhpan  A— Oanaral 

Sac 

281.1  Purpoaa  and  aoope. 

281 Z  Deflnitioa  of  aoUd  waata. 

261 J  Oefinition  of  hazardoua  waata. 

261.4  ExchiaioBa. 

261.5  Special  raquireraenta  for  hazardoua 
waata  produced  by  auall  quantity 
generators. 

281.6  Special  requirements  for  hazardoua 
waste  which  is  used,  re-used,  recycled  or 
reclaimed. 

Subpart  B— Crttarta  for  WenWytng  ttw 

Ctiaractarlatica  of  Haranlotm  Waata  and  for 

Uadng  Hazardoua  Waataa 

261.10  Criteria  for  identifying  the 
characteristics  of  haz^oua  wastes. 

261.11  Criteria  for  Uadiig  hazardoua  waste. 

Subpart  C— Ctiaractarialiea  of  Hazardoua 

Waata 

261.20  General. 

261Z1  Charactaristic  of  Ignttability. 

281Z2  Characteristic  of  corrosivity. 

261.23  Characteristic  of  reactivity. 

201Z4  Characteristic  of  EP  toxicity. 

Subpart  O— Uata  of  Haardoua  Waataa 

261.30  General. 

28U1  Hazardous  wastes  from  non-specific 
sources. 

261.32  Hazardous  wastes  from  specific 
sources. 

261.33  Discarded  commercial  chemical 
producu  and  assodatad  off-spedflcabon 
materials,  containers  and  spill  residues. 

Appeodices 

Appendix  I — Representative  Sampling 
Methods 

Appendix  II — EP  Toxicity  Test  Procedures 

Appendix  m— Chemical  Analysis  Test 
Methods 

Appendix  IV — [Reserved  for  Radioactive 
Waste  Test  Methods] 

Appendix  V — (Reserved  for  Infectious  Waste 
Trestmenl  Specificationsl 

Appendix  VI — (Reserved  for  Etjologic 
Agents] 


(a)  This  Part  identifies  those  solid 
wastes  which  are  subject  to  regulation 
as  hazardous  wastes  under  Parts  262 
through  285  and  Parts  122  throu^  124  of 
this  Chapter  and  which  are  subject  to 
the  notification  requirements  of  Section 
3010  of  RCRA.  In  this  Part: 

(1)  Subpart  A  defines  the  terms  "solid 
waste”  and  “hazardous  waste," 
identifies  those  wastes  which  are 
excluded  from  regulation  under  Parts 
282  through  265  and  122  through  124  and 
establishes  special  management 
requirements  for  hazardous  waste 
produced  by  small  quantity  generators 
and  hazardous  waste  which  is  used,  re¬ 
used.  recycled  or  reclaimed. 

(2)  Subpart  B  sets  forth  the  criteria 
us^  by  EPA  to  identify  characteristics 
of  hazardous  waste  and  to  list  particular 
hazardous  wastes. 

(3)  Subpart  C  identifies  characteristics 
of  hazardous  waste. 

(4)  Subpart  D  lists  particular 
hazardous  wastes. 

(b)  This  Part  identifies  only  some  of 
the  materials  which  are  hazardous 
wastes  under  Sections  3007  and  7003  of 
RCRA.  A  material  which  is  not  a 
hazardoua  waste  identified  in  this  part 
is  still  a  hazardous  waste  for  purposes 
of  those  sections  if: 

(1)  In  the  case  of  Section  3007,  EPA 
has  reason  to  believe  that  the  material 
may  be  a  hazardous  waste  within  the 
meaning  of  Section  1004(5)  of  RCRA. 

(2)  In  the  case  of  Section  7003.  the 
statutory  elements  are  established. 

f  281.2  OefMtlen  of  solid  waste. 

(a)  A  solid  waste  is  any  garbage. 
refuM.  sludge  or  any  other  waste 
materisl  which  is  not  excluded  under 
S  201.4(a). 

(b)  An  "other  waste  material”  is  any 
solid,  liquid,  semi-solid  or  contained 
gaseous  material,  resulting  from 
industrial,  commercial,  mining  or 
agricultural  operations,  or  from 
community  activities  which: 

(1)  Is  discarded  or  is  being 
accumulated,  stored  or  physically, 
chemically  or  biologically  treated  prior 
to  being  discarded:  or 

(2)  Has  served  its  original  intended 
use  and  sometimes  is  discarded:  or 

(3)  Is  a  manufacuring  or  mining  by¬ 
product  and  sometimes  is  discarded. 


(c)  A  material  is  "discarded”  if  it  is 
abandoned  (and  not  used,  re-used, 
reclaimed  or  recycled)  by  being: 

(1)  Disposed  of;  or 

(2)  Burned  or  incinerated,  except 
where  the  material  is  being  burned  as  a 
fuel  for  the  purpose  of  recovering  usable 
energy;  or 

(3)  Physically,  chemically,  or 
biologically  treated  [other  than  burned 
or  incinerated)  in  lieu  of  or  prior  to  being 
disposed  of. 

(d)  A  material  is  "disposed  of  if  it  is 
discharged,  deposited,  injected,  dumped, 
spilled,  leaked  or  placed  into  or  on  any 
land  or  water  so  that  such  material  or 
any  constituent  thereof  may  enter  the 
environment  or  be  emitted  into  the  air  or 
discharged  into  ground  or  surface 
waters. 

(e)  A  "manufacturing  or  mining  by¬ 
product”  is  a  material  that  is  not  one  of 
the  primary  products  of  a  particular 
manufacturing  or  mining  operation,  is  a 
secondary  and  incidental  product  of  the 
particular  operation  and  would  not  be 
solely  and  separately  manufactured  or 
min^  by  the  particular  manufacturing 
or  mining  operation.  The  term  does  not 
■include  an  intennediate  manufacturing 
or  mining  product  which  results  from 
one  of  the  steps  in  a  manufacturing  or 
mining  process  and  is  typically 
processed  through  the  next  step  of  the 
process  within  a  short  time. 

$  281 J  DeflnNlon  of  hazardous  waste. 

(a)  A  solid  waste,  as  defined  in 
$  281.Z  is  a  hazardous  waste  if: 

(1)  It  is  not  excluded  from  regulation 
as  a  hazardous  waste  under  $  261.4(b); 
and 

(2)  It  meets  any  of  the  following 
criteria: 

(i)  It  is  listed  in  Subpart  D  and  has  not 
been  excluded  from  the  lists  in  Subpart 
0  under  S|  280.20  and  280.22  of  this 
Chapter. 

(ii)  It  is  a  mixture  of  solid  waste  and 
one  or  more  hazardous  wastes  listed  in 
Subpart  D  and  has  not  been  excluded 
from  this  paragraph  under  $  $  260.20  and 
260.22  of  this  Chapter. 

(iii)  It  exhibits  any  of  the 
characteristics  of  hazardous  waste 
identified  in  Subpart  C. 

(b)  A  solid  waste  which  is  not 
excluded  from  regulation  under 
paragraph  (a)(1)  of  this  section  becomes 
a  hazardous  waste  when  any  of  the 
following  events  occur 

(1)  In  the  case  of  a  waste  listed  in 
Subpart  0,  when  the  waste  first  meets 
the  listing  description  set  forth  in 
Subpart  D. 

(2)  In  the  case  of  a  mixture  of  solid 
waste  and  one  or  more  listed  hazardous 
wastes,  when  a  hazardous  waste  listed 
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in  Suhpan  0  is  First  added  to  the  solid 
waste 

f3|  In  the  case  of  any  other  waste 
(including  a  waste  mixture),  when  the 
waste  exiubits  any  of  the  characteristics 
identified  in  Subpart  C 

(cj  Unless  and  until  it  meets  the 
cntena  of  paragraph  (d): 

|1|  A  hazardous  waste  will  remain  a 
hazardous  waste. 

(2)  Any  solid  waste  generated  horn 
the  treatment,  storage  or  disposal  of  a 
hazardous  waste,  including  any  sludge, 
spill  residue,  ash.  emission  control  dust 
or  leachate  (but  not  including 
precipitation  run-off),  is  a  hazardous 
waste. 

(d)  Any  solid  waste  described  in 
paragraph  (cj  of  this  section  is  not  a 
hazardous  waste  if  it  meets  the 
following  criteria: 

(1)  In  the  case  of  any  solid  waste,  it 
does  .lot  exhibit  any  of  the 
characteristics  of  hazardous  waste 
identified  in  Subpart  C. 

(2)  In  the  case  of  a  waste  which  is  a 
listed  waste  under  Subpart  □.  contains  a 
waste  listed  under  Subpart  D  or  is 
derived  from  a  waste  listed  in  Subpart 
D.  it  also  has  been  excluded  from 
paragraph  (c)  under  }  }  200,20  and  260,22 
of  this  Chapter. 

}  261.4  Exetuatona. 

(a)  Materials  which  are  not  solid 
wastes.  The  following  materials  are  not 
solid  wastes  for  the  purpose  of  this  Part: 

(1)  (i)  Domesbc  sewage,  and 

(ii)  Any  mixture  of  domesbc  sewage 
and  other  wastes  that  passes  through  a 
sewer  system  to  a  publicly-owned 
treatment  works  for  treatment. 

"Domesbc  sewage”  means  untreated 
sanitary  wastes  that  pass  through  a 
sewer  system. 

(2)  Indusbhal  wastewater  discharges 
that  are  point  source  discharges  subject 
to  regulabon  under  Secbon  402  of  the 
Clean  Water  Act  as  amended. 

(Comment  This  exclusion  applies  only 
to  the  actual  point  source  discharge.  It 
does  not  exclude  industrial  wastewaters 
while  they  are  being  collected,  stored  or 
treated  before  discharge,  nor  does  it 
exclude  sludges  that  are  generated  by 
Industrial  wastewater  treatment.) 

(3)  Irrigabon  return  flows. 

(4)  Source,  special  nuclear  or  by¬ 
product  material  as  defined  by  the 
Atomic  Energy  Act  of  1954.  as  amended. 
42  U.S.C.  2011  et  seq. 

(5)  Materials  subjected  to  in-situ 
mining  techniques  which  are  not 
removed  from  the  ground  as  part  of  the 
extraction  process. 

(b)  Solid  wastes  which  are  not 
hazardous  wastes.  The  following  solid 
wastes  are  oot  hazardous  wastes: 


(1)  Household  waste,  including 
household  waste  that  has  been 
collected,  transported,  stored,  treated, 
disposed,  recovered  (e.g..  refuse-derived 
fuel]  or  reused.  “Household  waste" 
means  any  waste  material  (including 
garbage,  trash  and  sanitary  wastes  in 
sepbc  tanks)  derived  from  households 
(including  single  and  mulbple 
residences,  hotels  and  motels.) 

(2)  Solid  wastes  generated  by  any  of 
the  following  and  which  are  returned  to 
the  soils  as  ferblizers; 

(i)  The  growing  and  harvesting  of 
agricultural  crops. 

(ii)  The  raising  of  animals,  including 
animal  manures. 

(3)  Mining  overburden  returned  to  the 
mine  site. 

(4)  Fly  ash  waste,  bottom  ash  waste, 
slag  waste,  and  flue  gas  emission 
control  waste  generated  primarily  from 
the  combusbon  of  coal  or  other  fossil 
fuels. 

(5)  Drilling  fluids,  produced  waters, 
and  other  wastes  associated  with  the 
explorabon.  development,  or  producbon 
of  crude  oii  natural  gas  or  geothermal 
energy. 

{  261 J  Special  requirements  for 
haiarttoue  waste  genersted  by  smaM 
quantity  generators. 

(a)  Except  as  otherwise  provided  in 
this  secbon.  if  a  person  generates,  in  a 
calendar  month,  a  total  of  less  than  1000 
kilograms  of  hazardous  wastes,  those 
wastes  are  not  subject  to  regulabon 
under  Parts  282  through  255  and  Parts 
122  through  124  of  this  Chapter,  and  the 
nobficabon  requirements  of  Secbon  3010 
of  RCRA. 

(b)  If  a  person  whose  waste  has  been 
excluded  from  regulabon  under 
paragraph  (a)  of  this  Secbon 
accumulates  hazardous  wastes  in 
quanbbes  greater  than  1000  kilograms, 
those  accumulated  wastes  are  subject  to 
regulabon  under  Parts  282  through  255 
and  Parts  122  through  124  of  this 
Chapter,  and  the  nobficabon 
requirements  of  Secbon  3010  of  RCRA. 

(c)  If  a  person  generates  in  a  calendar 
month  or  accumulates  at  any  time  any  of 
the  following  hazardous  wastes  in 
quanbbes  greater  than  set  forth  below, 
those  wastes  are  subject  to  regulabon 
under  Parts  252  through  255  and  Parts 
122  through  124  of  this  Chapter,  and  the 
notification  requirements  of  Secbon  3010 
of  RCRA: 

(1)  One  kilogram  of  any  commercial 
product  or  manufacturing  chemical 
intermediate  having  the  generic  name 
listed  m  i  2ei.33(e). 

(2)  One  kilogram  of  any  off- 
specificabon  commercial  chemical 
product  or  manufacturing  chemical 
intermediate  which,  if  it  met 


specifications,  would  have  the  generic 
name  listed  in  S  2ei.33(eJ. 

(3)  Any  containers  identified  in 

S  261.33(c)  that  are  larger  than  20  liters 
in  capacity; 

(4)  10  kilograms  of  inner  liners  from 
containers  identified  under  §  261.33(c); 

(5)  100  kilograms  of  any  residue  or 
contaminated  soil,  water  or  other  debris 
resulting  from  the  cleanup  of  a  spill,  into 
or  on  any  land  or  water,  of  any 
commercial  chemical  product  or 
manufacturing  chemical  intermediate 
having  the  generic  name  listed  in 

S  251. 33(e). 

(d)  In  o^er  for  hazardous  waste  to  be 
excluded  from  regulabon  under  this 
secbon,  the  generator  must  comply  with 
{  262.11  of  this  Chapter.  He  must  also 
either  treat  or  dispose  of  the  waste  in  an 
on-site  facility,  or  ensure  delivery  to  an 
off-site  treatment  storage  or  disposal 
facility,  either  of  which  is; 

(1)  Permitted  by  EPA  under  Part  122  of 
this  Chapter,  or  by  a  State  with  a 
hazardous  waste  management  program 
authorized  under  Part  123  of  this 
Chapter, 

(2)  In  interim  status  under  Parts  122 
and  255  of  this  Cliapter.  or. 

(3)  Permitted,  licensed,  or  registered 
by  a  State  to  manage  municipal  or 
indusbial  solid  waste. 

(e)  Hazardous  waste  subject  to  the 
reduced  requirements  of  this  secbon 
may  be  mixed  with  non-bazardous 
waste  and  remain  subject  to  these 
reduced  requirements  even  though  the 
resultant  mixture  exceeds  the  quanbty 
limitations  identified  in  this  secbon. 
unless  the  mixture  meets  any  of  the 
characterisbcs  of  hazardous  waste 
identified  in  Subpart  C. 

}  261.6  Spedai  requirafnenta  for 
hazardous  waste  which  Is  used,  ra-usad, 
racydad  or  radalmad. 

(a)  Except  as  otherwise  provided  in 
paragraph  (b)  of  this  section,  a 
hazardous  waste  which  meets  either  of 
the  following  criteria  is  not  subject  to 
regulation  under  Parts  262  through  255 
or  Parts  122  through  124  of  this  Chapter 
and  is  not  subject  to  the  notification 
requirements  of  Secbon  3010  of  RCRA 
until  such  bme  as  the  Administrator 
promulgates  regulabons  to  the  contrary: 

(1)  It  is  being  beneficially  used  or  re¬ 
used  or  legitimately  recycled  or 
reclaimed. 

(2)  It  IS  being  accumulated,  stored  or 
physically,  chemically  or  biologically 
treated  prior  to  beneficial  use  or  re-use 
or  legitimate  recycling  or  reclamation. 

(b)  A  hazardous  waste  which  is  a 
sludge,  or  which  is  bated  in  Subpart  D. 
or  which  contains  one  or  more 
hazardous  wastes  listed  in  Subpart  D: 
and  which  is  transported  or  stored  prior 


V  . 


N  A 

a' 


^  V, 

.••'i 


Federal  Register  /  Vol.  45.  No.  98  /  Monday.  May  19,  1980  /  Rules  and  Regulations  33121 


to  being  used,  re-used,  recycled  or 
reclaimed  is  subject  to  the  following 
requirements  with  respect  to  such 
transportation  or  storage: 

(1)  Notification  requirements  under 
Section  3010  RCRA. 

(2)  Part  262  of  this  Chapter. 

(3)  Part  263  of  this  Chapter. 

(4)  Subparts  A.  B,  C.'0  and  E  of  Part 
264  of  this  Chapter. 

(5)  Subparts  A.  B.  C.  O,  E,  G,  H,  I,  ] 
and  L  of  Part  265  of  this  Chapter. 

(6)  Parts  122  and  124  of  this  Chapter, 
with  respect  to  storage  facilities. 

Subpart  B — Critaria  for  Idantifying  the 
Characteristics  of  Hazardous  Waste 
and  for  Uating  Hazardous  Waste 

§261.10  Crtteria  for  Identifying  the 
characteHstlcs  of  hazardoua  waste. 

[a]  The  Administrator  shall  identify 
and  deBne  a  characteristic  of  hazardous 
waste  in  Subpart  C  only  upon 
determining  that: 

(1)  A  solid  waste  that  exhibits  the 
characteristic  may: 

(1)  Cause,  or  significantly  contribute 
to.  an  increase  in  mortality  or  an 
increase  in  serious  irreversible,  or 
incapacitating  reversible,  illness;  or 

(ii)  Pose  a  substantial  present  or 
potential  hazard  to  human  health  or  the 
environment  when  it  is  improperly 
treated,  stored,  transported.  cUsposed  of 
or  otherwise  managed;  and 

(2)  The  characteristic  can  be: 

(i)  Measured  by  an  available 
standardized  test  method  which  is 
reasonably  within  the  capability  of 
generators  of  solid  waste  or  private 
sector  laboratories  that  are  available  to 
serve  generators  of  solid  waste;  or 

(ii)  Reasonably  detected  by  generators 
of  solid  waste  through  their  knowledge 
of  their  waste. 


§261.11  Crttarta  for  listing  tiazardous 

waste. 

(a)  The  Administrator  shall  list  a.  solid 
waste  as  a  hazardous  waste  only  upon 
determining  that  the  solid  waste  meets 
one  of  the  following  criteria: 

(1)  It  exhibits  any  of  the 
characteristics  of  hazardous  waste 
identiBed  in  Subpart  C. 

(2)  It  has  been  found  to  be  fatal  to 
humans  in  low  doses  or.  in  the  absence 
of  data  on  human  to  Jcity.  it  has  been 
shown  in  studies  to  have  an  oral  LD  50 
toxicity  (rat)  of  less  than  50  milligrams 
per  kilogram,  an  inhaladon  LC  50 
toxicity  (rat)  of  less  than  2  milligrams 
per  liter,  or  a  dermal  LD  50  toxicity 
(rabbit)  of  less  than  200  milligrams  per 
kilogram  or  is  otherwise  capable  of 
causing  or  significantly  contributing  to 
an.increase  in  serious  irreversible,  or 
incapacitating  reversible,  illness.  (Waste 


listed  in  accordance  with  these  criteria 
will  be  designated  Acute  Hazardous 
Waste.) 

(3)  It  contains  any  of  the  toxic 
constituents  listed  in  Appendix  VIII 
unless,  after  considering  any  of  the 
following  factors,  the  Administrator 
concludes  that  the  waste  is  not  capable 
of  posing  a  substantial  present  or 
potential  hazard  to  human  health  or  the 
environment  when  improperly  treated, 
stored,  transported  or  disposed  of,  or 
otherwise  managed: 

(i)  The  nature  of  the  toxicity  presented 
by  the  constituent. 

(U)  The  concentration  of  the 
constituent  in  the  waste. 

(iii)  The  potential  of  the  constituent  or 
any  toxic  degradation  product  of  the 
constituent  to  migrate  from  the  waste 
into  the  environment  under  the  types  of 
improper  management  considered  in 
paragraph  (a)(3)(vii)  of  this  section. 

(iv)  The  persistence  of  the  constituent 
or  any  toxic  degradation  product  of  the 
constituent 

(v)  The  potential  for  the  constituent  or 
any  toxic  degradation  product  of  the 
constituent  to  degrade  into  non-harmful 
constituents  and  the  rate  of  degradation. 

(vi)  The  degree  to  which  the 
constituent  or  any  degradation  product 
of  the  constituent  bioaccumulates  in 
ecosystems. 

(vii)  The  plausible  types  of  improper 
management  to  which  the  waste  could 
be  subjected. 

(viii)  The  quantities  of  the  waste 
generated  at  individual  generation  sites 
or  on  a  regional  or  national  basis. 

(ix)  The  nature  and  severity  of  the 
human  health  and  environmental 
damage  that  has  occurred  as  a  result  of 
the  improper  management  of  wastes 
containing  the  constituent. 

(x)  Action  taken  by  other 
governmental  agencies  or  regulatory 
programs  based  on  the  health  or 
environmental  hazard  posed  by  the 
waste  or  waste  constituent. 

(xi)  Such  other  factors  as  may  be 
appropriate. 

Substances  will  be  listed  on  Appendix 
Vin  only  if  they  have  been  shown  in 
scientific  studies  to  have  toxic, 
carcinogenic,  mutagenic  or  teratogenic 
effects  on  humans  or  other  life  forms. 

(Wastes  listed  in  accordance  with 
these  criteria  will  be  designated  Toxic 
wastes.) 

(b)  The  Administrator  may  list  classes 
or.types  of  solid  waste  as  hazardous 
waste  if  he  has  reason  to  believe  that 
individual  wastes,  within  the  class  or 
type  of  waste,  typically  or  frequently  are 
hazardous  under  the  deFinition  of 
hazardous  waste  found  in  Section 
1004(5)  of  the  Act. 


(c)  The  Administrator  will  use  the 
criteria  for  listing  specified  in  this 
section  to  establish  the  exclusion  limits 
referred  to  in  §  261.5(c). 

Subpart  C— Characteristics  of 
Hazardous  Waste 

§261.20  GaneraL 

(a)  A  solid  waste,  as  defined  in 

§  261.2.  which  is  not  excluded  from 
regulation  as  a  hazardous  waste  under 
S  261.4(b),  is  a  hazardous  waste  if  it 
exhibits  any  of  the  characteristics 
identified  in  this  Subpart 

[Comment:  §  262.11  of  this  Chapter  sets 
forth  the  generator's  responsibility  to 
determine  whether  his  waste  exhibits 
one  or  more  of  the  characteristics 
identified  in  this  Subpart] 

(b)  A  hazardous  waste  which  is 
identified  by  a  characteristic  in  this 
subpart  but  is  not  listed  as  a  hazardous 
waste  in  Subpart  D,  is  aasigned  the  EPA 
Hazardous  Waste  Number  set  forth  in 
the  respective  characteristic  in  this 
Subpart.  This  number  must  be  used  in 
complying  with  the  notification 
requirements  of  Section  3010  of  the  Act 
and  certain  recordkeeping  and  reporting 
requirements  under  Parts  262  through 
285  and  Part  122  of  this  Chapter. 

(c)  For  purpoMS  of  this  Subpart  the 
Adn^strator  will  consider  a  sample 
obtained  i»ing  any  of  the  applicable 
sampling  methods  specified  in  Appendix 
1  to  be  a  representative  sample  within 
the  meaning  of  Part  280  of  this  Chapter. 

[Comment:  Since  the  Appendix  I 
sampling  methods  are  not  being  formally 
adopted  by  the  Administrator,  a  person 
who  desires  to  employ  an  alternative 
sampling  method  is  not  required  to 
demonstrate  the  equivalency  of  his  - 
method  under  the  procedures  set  forth  in 
iS  260.20  and  260.21.) 

§261.21  Ctiaractailallc  of  IgnttabUHy. 

(a)  A  solid  waste  exhibits  the 
characteristic  of  ignitability  if  a 
representative  sample  of  the  waste  has 
any  of  the  following  properties: 

(1)  It  is  a  liquid,  other  than  an  aqueous 
solution  containing  less  than  24  percent 
alcohol  by  volume,  and  has  a  flash  point 
less  than  60*C  (140*F),  as  determined  by 
a  Pensky-Martens  Closed  Cup  Tester, 
using  the  test  method  specified  in  ASTM 
Standard  D-83-79,  or  a  Setaflash  Closed 
Cup  Tester,  using  the  test  method 
specified  in  ASTM  standard  D-327B~7B. 
or  as  determined  by  an  equivalent  test 
method  approved  by  the  Administrator 
under  the  procedures  set  forth  in 
Si  260.20  and  260.21. ‘ 

'  ASTM  Slandtrds  art  avaiiable  frore  ASTM. 
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(2)  It  is  not  a  liquid  and  is  capable, 
under  standard  temperature  and 
pressure,  of  causing  fire  through  friction, 
absorption  of  moisture  or  spontaneous 
chemical  changes  and.  when  ignited, 
bums  so  vigorously  and  persistently  that 
is  creates  a  hazard. 

(3)  It  is  an  ignitable  compressed  gas  as 
defined  in  49  CFR  173.300  and  at 
determined  by  the  test  methods 
described  in  that  regulation  or 
equivalent  test  methods  approved  by  the 
Administrator  under  SS  260.20  and 
260.21. 

(4)  It  is  an  oxidizer  as  defined  in  49 
CFR  173.151. 

(b)  A  solid  waste  that  exhibits  the 
characteristic  of  ignitability.  but  is  not 
listed  as  a  hazardous  waste  in  Subpart 
D.  has  the  EPA  Hazardous  Waste 
Number  of  DOOl. 

{  261.22  Charactaristie  of  corroaivtty. 

(a)  A  solid  waste  exhibits  the 
characteristic  of  corrosivity  if  a 
representative  sample  of  the  waste  has 
either  of  the  following  properties: 

(1)  It  is  aqueous  and  has  a  pH  less 
than  or  equal  to  2  or  greater  than  or 
equal  to  12.5.  as  determined  by  a  pH 
meter  using  either  the  test  meihod 
specified  in  the  ‘Test  Methods  for  the 
Evaluation  of  Solid  Waste,  niysical/ 
Chemical  Methods"  *  (also  described  in 
"Methods  for  Analysis  of  Water  and 
Wastes"  EPA  600/4-79-020.  March 
1979),  or  an  equivalent  teat  method 
approved  by  the  Administrator  under 
the  procedures  set  forth  in  i  f  280.20  and 
260.21. 

(2)  It  is  a  liquid  and  corrodes  steel 
(SAE 1020)  at  a  rate  greater  than  6J5 
mm  (0.250  inch)  per  year  at  a  test 
temperature  of  S5*C  (130’F)  as 
determined  by  the  test  method  specified 
in  NACE  (National  Association  of 
Corrosion  Engineers)  Standard  TM-01- 
69 '  as  standardized  in  'Test  Methods 
for  the  Evaluation  of  Solid  Waste. 
Pbysical/Chemical  Methods."  or  an 
equivalent  test  method  approved  by  the 
Administrator  under  the  procedures  set 
forth  in  i  }  260.20  and  260.21. 

(b)  A  solid  waste  that  exhibits  the 
characteristic  of  corrosivity,  but  is  not 
listed  as  a  hazardous  waste  in  Subpart 
D,  has  the  EPA  Hazardous  Waste 
Number  of  D002. 

*Tbia  docuiiwni  ii  •valUbI*  (raa  SoUd  Wiitc 
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Box  9aA  Koty.  Ttxot  774fla 


3  261.23  Characteristic  of  reactivity. 

(a)  A  solid  waste  exhibits  the 
characteristic  of  reactivity  if  a 
representative  sample  of  the  waste  has 
any  of  the  following  properties: 

(1)  It  is  normally  unstable  and  readily 
undergoes  violent  change  without 
detonating. 

(2)  It  reacU  violently  with  water. 

(3)  It  forms  potentially  explosive 
mixtures  with  water. 

(4)  When  mixed  with  water,  it 
generates  toxic  gases,  vapors  or  fumes 
in  a  quantity  sufficient  to  present  a 
danger  to  human  health  or  the 
environment. 

(5)  It  is  a  cyanide  or  sulfide  bearing 
waste  which,  when  exposed  to  pH 
Tonditions  between  2  and  12.5,  can 
generate  toxic  gases,  vapors  or  fumes  in 
a  quantity  sufficient  to  present  a  danger 
to  human  health  or  the  environment. 

(8)  It  is  capable  of  detonation  or 
explosive  reaction  if  it  is  subjected  to  a 
strong  initiating  source  or  if  heated 
under  confinement. 

(7)  It  is  readily  capable  of  detonation 
or  explosive  decomposition  or  reaction 
at  standard  temperature  and  pressure. 

(8)  It  is  a  forbidden  explosive  as 
defined  in  49  CFR  173.51,  or  a  Qass  A 
explosive  as  defined  in  49  CFR  173.53  or 
a  Class  B  explosive  as  defined  in  49  CFR 
173.8a 

(b)  A  solid  waste  that  exhibits  the 
characteristic  of  reactivity,  but  is  not 
listed  as  a  hazardous  waste  in  Subpart 
□,  has  the  EPA  Hazardous  Waste 
Number  of  D003. 

{291.24  Charactertoticof  EPToileity. 

(a)  A  solid  waste  exhibits  the 
(diaracteristic  of  EP  toxicity  if,'  using  the 
test  methods  described  in  Appendix  0 
or  equivalent  methods  approved  by  the 
Administrator  under  the  procedures  set 
forth  in  ii  260.20  and  260,21.  the  extract 
from  a  representative  sample  of  the 
waste  contains  any  of  the  contaminants 
listed  in  Table  I  at  a  concentration  equal 
to  or  greater  than  the  respective  value 
given  in  that  Table.  Where  the  waste 
contains  less  than  OJ  percent  filterable 
solids,  the  waste  itself,  after  filtering,  is 
considered  to  be  the  extract  for  the 
purposes  of  this  section. 

(b)  A  solid  waste  that  exhibits  the 
characteristic  of  EP  toxicity,  but  is  not 
listed  as  a  hazardous  waste  in  Subpart 
D,  has  (he  EPA  Hazardous  Waste 
Number  specified  in  Table  I  which 
corresponds  to  the  toxic  contaminant 
causing  it  to  be  hazardous. 


Tabto  L— Maximum  Coneantration  of 
Contaminanta  for  Charactorlatic  of  EP  Toxicity— 
Continued 


EPA 

Mawrnum 

'  fiAzardou* 

ContMnmwil 

concxniraoon 

WMt* 

(fTbU^r«m« 

nunXMT 

pm  mm) 

0004 - AfMnc _  5.0 

0005 _ Baxxn . . .  lOOO 


C30M. 

0007. 

SO 

DOM— 

.  . 

0009.. 

0-2 

0010 

0011.- 

SiPtm . —  _ _ _ 

5.0 

0012 - Entt»)<12J.4.i0.10>  0.02 

hanohiof^  1 . 7  ^poxy* 
i.4.4«.5.a.7.aAa> 
ocianydre»i.<  ■ndo.  anOo- 
S.a-emvthano  naphtfxMna 


0013 _  Un0ana(1Z3.4.S.a-  0  4 


0014 _ 

gwnmxiufiMr. 

_  UMhancMord.i.i- 

10.0 

TiieNoiO’ZJ-bm  (p- 

0015 - ToMprwnt  (CwMyXL  0.5 

Taowxcaf  cNcwMiad 
ceiwpnew.  67-aa  pmom* 

D016 - 100 

DcWofOpnanoiveeac 

•bd). 

001  r - 2.4>TP  Silvex  (2.4^  1.0 

Tnrrt(inipn4ni\iyf0iwiHL 

•odl. 


Subpart  D— Usta  of  Hazardous  Waataa 
}  261  JO  OensraL 

(a)  A  solid  waste  is  a  hazardous 
waste  if  it  is  listed  in  this  Subpart 
unless  it  has  been  excluded  from  this  list 
under  {  S  280 JO  and  260  J2. 

(b)  liie  Administrator  will  indicate  his 
basis  for  listing  the  classes  or  types  of 
wastes  listed  in  this  Subpart  by 
employing  one  or  more  of  the  following 
Hazard  Codes: 


IgnMMt  WmM 

Rom— KM- 

(B) 

Aculp  HUVdM  PfMla.. 

ToscWmi*. 

Appendix  VII  identifies  the  constituent 
which  caused  the  Administrator  to  list 
the  waste  as  an  EP  Toxic  Waste  (E)  or 
Toxic  Waste  (T)  in  }{  261.31  and  261.32. 

(c)  Each  hazardous  waste  listed  in  this 
Subpart  is  assigned  an  EPA  Hazardous 
Waste  Number  which  precedes  the 
name  of  the  waste.  This  number  must  be 
used  in  complying  with  the  notification 
requirements  of  Action  3010  of  the  Act 
and  certain  recordkeeping  and  reporting 
requirements  under  Parts  262  through 
265  and  Part  122  of  this  Chapter. 

(d)  Certain  of  the  hazardous  wastes 
listed  in  S  261.31  or  {  261.32  have 
exclusion  limits  that  refer  to 

{  2ei.5(c)(5). 
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S  261.31  Hazardous  waste  from  nonspecific  sources. 


Industry  and  ERA 
hazardous  wssW  No. 


HAiATdous  wtfte 


G«nanc. 

F001 . 

F002  . 

F003 . 

F004 . 

F006-... 

F006 . 

F007 

F006 . 

FOW _ 

F010  — 

Foil . 

F012 . 

F013._.. 
F014  .. 

F015~.. 
F016 . 


Tlw  iparM  hatoganaiad  aolvanti  uMd  in  dagra— mg.  tatracnioroathylana.  mcNoroathylaoa.  mathyiana  cNonda.  l.i.l-tncTiioroamana.  carbon 
la^actiiorida.  and  tia  cNomaiad  fluorocartxma.  and  aiudgat  from  tfia  rocovary  of  thaaa  totvanu  m  dagraaamg  oparationa 
Tha  ipani  haloganalad  aoitranfa.  taBachtoroatfiyiana.  rnathyiana  cNohda.  tnchkyothylana.  l.l.i-tncNoroathana.  cMorobanzana.  1.1> 
•icN0R>'1a2.2-Mluaroa0iana,  cMicMorobamana.  McMorpAucromamana  and  lha  aM  bonoma  from  (ha  raoovary  of  thaaa  aofvanta 
Tha  apanl  non^iatoganaiad  wOhmrtt,  aylana.  aoalona.  athyf  aoatata.  attiyi  banzana.  athyf  alhar.  rvbutyl  aicohoi.  cyctohaxanona.  and  lha  ati 
boUoma  from  lha  raoovary  of  twaa  aofvanta. 

Tha  ipam  noivhologanaiad  aobranbi.  eraaota  and  aaaybc  aod.  wfrebanaana.  and  Vw  abN  bonoma  from  tha  racovary  of  ttiaaa  aofvanta 
Tba  apanf  non-haloganatad  aohmnta,  maihanoi.  Muana.  mathyt  athyl  katona.  maOiyl  iaobuiyt  katona,  carbon  dMuffata,  iaobulanof.  pyndma 
and  Via  aW  bonoma  from  tia  raoovary  of  thaaa  aofvanta. 

Waafwaalar  vaafrwanf  atudgaa  from  alacifrnptafing  oparationa . . . . 

Spam  piafrng  bath  aolubona  from  aiacfroptafrng  oparabona . . 

Ptatfrig  both  iludgoa  from  tha  bottom  of  pfabng  batha  from  atactroptatmg  oparabona  . 

Spam  atnppaig  and  claaf*ig  batti  aolutiona  from  atacfroptapng  oparabona  . . .  . . . . . . 

Quanchino  baVi  aludga  from  oi  batha  from  matal  haat  fraaong  oparationa . . . . . . . . . - . 

Spam  aolimona  from  tail  bath  pot  rfnanaij  from  mataf  haat  traabng  oparabona . . . . . . . . . . 

Quanchmg  araaiawatar  fraabnam  tliaigaa  from  matal  haat  traabng  oparabona .  -  . . . . 

Ftotafron  tattngi  fromaafacava  tiotaaon  from  mmaral  mataia  racovary  oparabona .  . . . - . 

Cyanmabon  wastaaalar  fraabnam  talmg  pond  aadimani  from  mmaral  matals  racovary  oparabona . . . 

Spam  cyarvde  bath  aolufrona  from  nwiaral  rnatafa  rao^ary  oparabona . . . 

Dawalarad  air  pofruaon  oontroi  acndViar  aludoai  from  oofra  ovana  and  Matt  fumaoaa . . . 


$  261.32  Hazardout  waata  from  specific  sources. 


InduafryMlEPA 
hazarOoua  ivaala  No 


a 

Wood  Preaervabon  KOOt . 

i- 

friQigarxc  Pigments 

*  • 

K002...._ . . . . __ 

[v 

v" 

KOOS. . . . 

tv 

KOCM.-...  . 

a 

KOOS  . 

K006 . 

1 

I 

K007.  .  . 

Orgarac  Charracals 

'/ 

K009  . , 

KOlO . 

K011 .  _  , 

K012 

K013 .  _  . 

a 

K014 .  ■ 

K015 . . . . 

K016  . 

■ 

m 

KOI  7  . . 

K018 . . 

.  •* 

Koig  .  . 

in 

K020..  . . . 

iga 

K021  . 

K022 . . 

91 

K023 . 

a 

K024 . . 

K025  . . 

A 

K026  ...  . 

i 

K027  . . 

K02e 

K029  . 

L*/ 

KOQO  . 

Hazardous  waata 


Bottom  aacfrmant  aludge  from  (he  treatment  of  wastawatara  from  «vood  preserving  procetaat  that  use  craoaota  and/or  pentachiorophanof .. 

Waitmvater  fraatmant  aludge  from  tha  producbon  of  chrorrw  yaboa  and  orange  pigmanla . — — . . . . . 

Waitewrglar  fraabnam  aludga  from  lha  producbon  of  mofybdata  orange  pigmanla _  _ _ _ _ _ 

WaalMatar  fraabnam  atjdga  from  tfta  producbon  of  zmc  yaftow  pigmartta . . .  . . . . 

Wastaaratar  fraabnam  aludga  from  the  production  of  chroma  graan  psgmenta .  . 

Waataaratar  fraabnam  sludge  from  fha  producbon  of  chroma  onda  graan  pigments  (anhydrous  and  hydrated) . . . . 

Wastaafsier  baatmarn  ttudga  from  bia  producbon  of  iron  blua  . . . 

Oven  raaitkia  from  Via  produmnn  ot  chroma  oioda  graan  pigmanta . . . . 


Oatilabon  bonoma  from  Vw  producbon  of  acataldahyda  from  athytane . . 

OsbMabon  aida  cuti  from  Via  producbon  of  aoataldahyda  from  athytana . 

Bottom  abaam  from  tha  wastawatar  abtppar  in  tha  producbon  of  acrytonitnla . . . 

SWt  bottoma  from  the  pirfrcabon  of  acryfontbila  m  tha  producbon  of  aoyiorvbiia 

Bottom  abaam  from  tha  acatonibila  column  in  tha  producbon  of  acrytcwrtilia . .  . 

Bottoms  from  the  aoebonrtrSe  puriftcabon  column  in  tha  producbon  of  acrytonibaa . 

Sli  bottoms  from  Via  esMabon  of  banryf  ^aprida.- . 

Heavy  andi  or  tfstflabon  raaiduaa  from  Vw  production  of  carbon  tabachionda . 

Heavy  andi  (still  bottoma)  from  Via  purffrcabon  column  n  tha  producbon  of  apichlorohydnn . . 

Heavy  ends  from  Irecbonabon  m  aViyf  chlorfrfa  producbon . . 

Heavy  ends  from  tha  dateabon  of  athyfana  Schionda  m  athytana  dicraonda  production  . 

Heavy  andi  from  Via  (tatBabon  of  vaiyf  chlonda  in  vmyi  chlor^  monomer  producbon . 

Aquaoua  apart  anbmony  catafyal  waste  from  fluoromethsnai  production . 

Otsbiaaon  bottom  lers  from  tha  producbon  of  phanot/aoatona  bom  cumene . 

OaliNabun  bght  ends  from  tha  producbon  of  phthakc  anhydnda  from  naphthalene . 

OMMabon  bottoma  from  (ha  producbon  of  phthahc  anhydride  bom  rwtphthelene . . 

OwbRabon  bottoma  bom  the  producbon  of  mbobenzena  by  the  rvtration  of  beruane . . 

Sbvipmo  atm  taili  bom  tha  producbon  of  methyl  ethyl  pynobnei  . 

Cenbduga  raaahia  bom  tobiarw  dnocyar^ta  producbon . 

Spert  eatafyat  bom  Via  hyttrochlonnator  reactor  n  (ha  producbon  of  1.1.1 -tncNoroelhana . 

Waste  from  Vie  product  abaam  abtppar  m  tha  producbon  of  l.i.i  bichioroaViwia . . . . . 

Cofimn  bottoma  or  heavy  ends  from  (ha  combined  producbon  of  bwhioroathytene  vid  perchloroelhyter^ .. 


K031 

K032 

K033 

K034 

K035 

K036 

K037 

K03e 

K039 

K040 


By-products  aafti  generaled 
Wastewater  baabnert  aludgi 
Waalawalar  and  acrub  water 


Waatawatar  baatmart  atm 
SM  bottoma  from  toluana 

Wastawatar  baatmart 


K042  .  . . . 

K043 . 

Ej^loarvea 

K044 . . . 

K045 . 

•  •  a 

K046.  . 

M  1  ’ 

K047 . 

Paboiaum  flefria^j 

r.. 

KO40 .  ..  .... 

K040 . 

'  1*  a 

K050  .  . 

"n  •' 

KOSt 

K052  . 

. 

Leathw  Tanrwig  Fmhvig 

K053  . 

Heavy  ends  or  ibsMabon 
2.6-Ochiorophenof  waata 


tn  fha  producbon  of  MSMA  and  cacodybc  aod . 

9  from  Via  production  of  chiordana . . 

from  Via  cMonnabon  of  cyclopanlatbana  in  tha  producbon  of  chlordane  . 

of  haiacNorocyoioparnadwne  tn  tha  producbon  of  chiordana . 

Igaa  gansrafad  ei  tha  producbon  of  craoaota  .  . 

radamabon  (ftabllabon  in  Via  production  of  diiuftoton . 

from  tha  producbon  of  dwulfoton . . . . . . 

and  ebipping  of  phoraia  producbon . 

of  (bathyfrVioaphomdrthonc  aod  m  tha  producbon  of  phorata . 

from  Via  proflkcbon  of  phorata. . - . 

from  Via  producbon  of  toxaphena  . 

Juaa  bom  fha  tfaMabon  of  tetracNorobanzana  tn  the  production  of  2.4. S-T  .. 
1  Via  producbon  of  2.4-D  . .  . . . . . 


Wastawatar  baatmert  aludgaa  from  tha  manufacturing  and  proceawng  of  axploarves 

Spent  carbon  from  the  baabnert  of  wastawatar  oonUfong  axpioarvat  .  . 

Wastawatar  baatmart  aludgaa  from  tha  mgnufactunng.  formulation  and  toadmg  of  lead-baaed  vvbeting  corTpounda 
Pv*/rad  water  from  TNT  oparabona .  .  . . . . . 


rnaaoi  iad  ae  frotebon  (DAT)  floef  from  Via  pebolaum  ratmmg  mduatry  . . 

Slop  oi  amiann  aaSda  from  the  peboleum  tefrning  ndustry  . . . . . 

Heat  exchanger  bundH  cJearxng  sludge  from  the  petroieum  refrnmg  mduttry . 

W*l  aaperator  akidge  from  tha  pebolaum  retiring  vidusby  . 

Tar*  bottoma  (leaded)  from  (he  pebolaum  rafexng  nduitry  ... 

Chroma  (fcAie)  tnmnwigs  ganaraled  by  tha  foUmvifig  aubcalegonm  o<  the  leather  tanning  and  hntshmg  vidustry  hair  pufp/chrome  lan/r«tan/ 
«wl  frnnh.  has  aava/chrome  tan/ratan/wel  hnrth.  retan/«iet  frmsh.  no  beamhouae  through-the-biua.  and  ihearung 
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K0S4.. 

K066. 

KOM. 


Oram  (bkMl  •Kmngi  ginmniJ  br  m  tollorang  wbcaiagarra  o(  m  ImSw  unnng  and  hrahiit  nduMy  har  pup/cxram  lan/rran/ 
ml  tnatc  had  taiw/elram  lan/man/ara  IMi;  man/aw  Maati:  no  haandwaraa.  rad  ihaatrag. 

Biding  dual  gra  naiad  ty  l>a  Idloaang  aubealagaiiia  ol  Ha  laadiar  lanang  and  Inolrag  aiduaay;  har  putp/daom  tan/nnan/aMi  Inait 

MK  fawu 

by  Bia  hilnaanq  i 
•non 

by  Ha  Moarag  adirraagnnaa  dl  Ha  laaHar  lanraig  and  fcmang  dalunay:  haa  pulp/anm  lan/ 
man/aMI  InMt  mtm/mat  trmtt  no  baaianouaa:  Hnai^  Ha  aiua  rad  raaaHng. 
by  Ha  Moarag  ■analignnaa  el  Ha  laaHar  lanmng  and  Inairag  Hduaay:  haa  putg/chrem  lan/ 
ral/ara  dmalt  and  HnaM  Ha  ihh 

by  Ha  Morang  HHcraagoiy  ol  Ha  laaliai  Hiarao  and  Bnabayi  aiduaHr  haa  aara/n 


K057. 

iMM/wal  9tmfK  Par  aana/tfruiaa  ivi/f 

irara/M*  IlnWy  hair  raia/olauHa  Ira/ 

Ironam  Slaat 

tvi/f«an/«ai  Mt  *  ^ 

irnio 

-  Amnuira  aH  baa  abdga  bom  aolrag  epa 

CaraUuBi  praa  laara  laara*  <y«n  aadal  beni  pnmair  »  PradUcBon. 
I  dira/taalga  boni  aarandHy  laad  i 
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(T) 

(H.T1 
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f  asi OtacardBd  CarnmarcM  ChamleBl 
ProductB,  OW-SpBcWcBMow  tpBCiBB, 
ContalfiM,  and  SpM  naaldMBB  Tharaof . 

The  following  materiaU  or  itema  are 
hazardoua  waetea  if  and  when  they  are 
discarded  or  intended  to  be  discarded: 

(a)  Any  commercial  chemical  product 
or  manufacturing  chemical  intermediate 
having  the  generic  name  listed  in 
paragraphs  (e)  or  (f)  of  this  section. 

(b)  Any  off-spedficatiaa  commercial 
chemical  product  or  manufacturing 
chemical  intermediate  which,  if  it  met 
spedficatians,  would  have  the  genetic 
name  listed  in  paragraphs  (e]  or  (f)  of 
this  section. 

(cj  Any  container  or  inner  liner 
removed  from  a  container  that  has  been 
used  to  hold  any  commercial  chemical 
product  or  manufacturing  chemical 
intermediate  having  the  generic  name 
listed  in  paragraph  (e)  of  this  section, 
unless: 

(1)  The  container  or  inner  liner  has 
been  triple  rinsed  using  a  solvent 
capable  of  removing  the  commercial 
chemical  product  or  manufacturing 
chemical  intermediate; 

(2)  The  container  or  inner  liner  has 
been  cleaned  by  another  method  that 
has  been  shown  in  the  scientific 
literature.  >r  by  testa  conducted  by  the 
generator,  to  achieve  equivalent 
removal:  or 

(3)  In  the  case  of  a  container,  the  inner 
liner  that  prevented  contact  o>  the 
commercial  chemical  product  or 
manufacturing  chemicid  intermediate 
with  the  container,  has  been  removed. 

(d)  Any  residue  or  contaminated  soU. 
water  or  other  debris  resulting  from  the 
cleanup  of  a  spill,  into  or  on  any  land  or 
water,  of  any  commercial  chemical 
product  or  manufacturing  chemical 


intermediate  having  the  generic  name 
listed  in  paragraphs  (e)  or  (f)  of  this 
Section. 

[Comment  The  phrase  “commercial 
chemical  product  or  maniifactuiing 
chemical  intermediate  having  the 
generic  name  listed  in .  .  .“  ^ers  to  a 
chemical  substance  which  is 
manufactured  or  formulated  for 
commercial  or  manufacturing  use.  It 
does  not  refer  to  a  material  such  as  a 
manufacturing  process  waste,  that 
contains  any  of  the  substances  listed  in 
paragraphs  (e)  or  (f).  Where  a 
manufacturi^  process  waste  is  deemed 
to  be  a  haxardous  waste  because  it 
contaiiu  a  substance  listed  in 
paragraphs  (e)  or  (f).  such  waste  will  be 
listed  in  either  ii  28U1  or  281J2  or  will 
be  identified  as  a  hazardous  wasta  by 
tha  characteristics  set  forth  in  Subpart  C 
of  this  Part] 

(e)  The  commercial  chemical  products 
or  manufacturing  chemical 
intermediates,  referred  to  in  paragraphs 
(a)  through  (d)  of  this  section,  are 
identified  as  acute  hazardous  wastes 
[H]  *i>d  are  snbiect  to  the  small  quantity 
exdusion  defin^  in  i  2n.5(c).  These 
wastes  and  their  correspondi^  EPA 
Hazardous  Waste  Numbers  are; 
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CHEMOX  oeeUL  aaa  POOO 
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CauMwiaa  aaa  P001 
PQ30 _  Oiwrtw 
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Huardoui 


I  Hazardous 
{  watt*  No 


CyanoQ*) 
CyanoQM  bromria 
CyanoQaw  cWonda 
Cydodan  •••  P090 


OCONomPOOI 
OCT>««OR  Ma 
OETHNELaaami 
OFPaaaRMI 


Ocyawcfaw  aaa  P081 
OiaMMn 

OCLCMEXaaamr 


MALIK  aaa  POSO 
MAPEVAN  aaa  PQOl 
MAfLFPiN  aaa  POOl 
MAPTIN'O  MAR-PPiN  aaa  POOl 
MAVERAN  aaa  PQOI 
MEGATOX  aaa  POOS 
Margay  fMrmMia 
MERSOUTE  aaa  P002 
METAC)OS0aaaP07l 
METAPOS  aaa  port 
liffTAPHOR  aaa  P071 
METAPH08  aaa  P071 
METASCX  30  aaa  POtt 
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METHVL-E  eos  aaa  P071 
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Ma»|<  udagaaa 
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MOUSC-RiO  aaa  PiOO 
MOUSE-TOX  aaa  PtOi 
MUaOMOL  aaa  Poor 
1  •NMMhiP’S-traoiaaa 
MohM  cavOORp 


OMOEEiE  aaa  POOD 


OOLQO  MOM  GBVAL  aaa  PMi 
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OCMV  QEWIAL  WEED  OlER  aaa  ( 
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OAUjOTOX  aaa  POM 
GEARPNOtaaaPOTl 
QERinOx  aaa  POao 

HMa _ HaaiMWv 

POOO - 1  A3.4.10.10  llaTWnin-i.4.4t 

hiaanniu  1.4  i.o  awte.  m 
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PwaPiaaw  atfOM  aaa  POOO 
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OaaanaiipppaaPeoiiPon 
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aMOa 

OMPA  aaa  POOS 
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OMPAX  aaa  POOO 
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PAPOVARPM  aaa  POOl 
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PAMTHERPC  aaa  POOT 
PAWWARFOl  aaa  POOl 

PGP  aaa  POOO 
PENNCAP-M  aaa  P071 
PCNOXVL  CAR0CN  N  aaa  P040 


PEKTA^oa  aaa  POOO 
PENTAOOL  aaa  POOO 
PENWAR  aaa  POOO 
PERMCDE  aaa  POOO 
PCRMAOUARO  aaa  POOO 
PEROUTOX  aaa  POOO 
PERMITE  aaa  POOO 
PERTOX  aaa  POOO 
PE5T0X  IN  aaa  POOS 
PHENMAO  aaa  POOO 
PHENOTAN  aaa  POOO 
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Sodum  aada 
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SOLFOeLACK  SB  aaa  POM 
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SaycAwna  and  aaPi 
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Thadcoada 

TMan  parvada  aaa  Pns 
ThalUn  aaMMa 

ThaSwm  (I)  aMMia 
THIPOR  aaa  P002 
THIMUL  aaa  POM 
THCOAN  aaa  POSO 
THCPOR  aaa  POSO 
THIOMUL  aaa  POSO 
THCNCX  aaa  POW 
THCPHENTT  aaa  P071 


TNaauHan  >ond  aaa  POSO 
TTwam 

THOMPSON’S  WOOD  FIX  aaa  POM 
T10VEL  aaa  POSO 
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HOBTAOUK  laa  P0B2 


TWIN  UQKT  RAT  AWAY  aaa  POOl 
USAF  RH-S  aaa  POOO 
USAF  EK-MM  aaa  P002 
_ _  vanade  add.  amaonMn  aaR 


iLLOXOLaaaPOO? 

INCXXI  aaa  POOS 
MdamaawuwaaaPOOS 
PMECTOPHENE  aaa  POM 


KILOBEB  aaa  PQ» 
KOP-THCOANmPOOO 
KWW-ML  aaa  P100 
KWIKSAN  aaa  P002 
KUMAOCR  aaa  POOl 
kypfarin  aaa  POOl 
ifVTOBAN  aaa  POU 
UOUIPHENE  aaa  P002 


PHIUPS  1001  aaa  POOO 
PHWaaaP002 


mdi  N.N  dmaoy  banaana  aadenamda 
RMpPoroOtBC  add  0.0  dwiaty  0  (p  raao 
phanitO  aaiar  aaa  P071 
PIED  PIPER  MOUSE  SEED  aaa  PiQt 
Potaadum  eyarada 
Potaaaum  aWar  tyanda 
PREMERQE  aaa  P020 


VOFATOX  aaa  P07t 
WANAOU  aaa  P120 
WARGOUMIN  aaa  POOl 
WARFARIN  SODIUM  aaa  POOl 
WARFOOE  aaa  POOl 
WOFOTOX  aaa  P072 
YANOCK  aaa  POST 
YASOKNOCK  aaa  POSO 
ZIARNIK  aaa  P002 
........  Dnccyanda 

.  Zinc  pAoaoNda  (R.T) 

ZOOCOUMARIN  aaa  POOl 

a  Aganev  Yidudad  thoaa  aada  namat  o«  wtacA  A  mm 
.  an  omaaion  of  a  aaoa  nama  doaa  not  anpfy  Wat  9m 
d  matanai  a  not  natardoua.  Tha  matanai  a  hatvdaua 
aalad  undar  rta  gananc  nama 
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(f)  The  commercial  chemical  products 
or  manufacturing  chemical 
intermediates,  referred  to  in  paragraphs 
(a),  (b)  and  (d)  of  this  section,  are 
identified  as  toxic  wastes  (T)  unless 
otherwise  designated  and  are  subject  to 
the  small  quantity  exclusion  defined  in 
§  281.5  (a)  and  [b).  These  wastes  and 
their  correspondiag  EPA  Hazardous 
Waste  Numbers  are: 
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40  CFR,  PART  264 

STANDARD  FOR  OWNERS  AND  OPERATORS  OF  HAZARDOUS  WASTE 
TREATMENT.  STORAGE.  AND  DISPOSAL  FACILITIES 

SUBPART  O  -  INCINERATORS 

SECTIONS  264.  340  -  264.  347 

24  JUNE  iy82 
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PART  264— STANDARDS  FOR 
OWNERS  AND  OPERATORS  OF 
HAZARDOUS  WASTE  TREATMENT, 
STORAGE.  AND  DISPOSAL 
FACILITIES 

Subpart  O — Incinerators 

1.  The  authority  citation  for  Part  264 
reads  as  follows: 

Authority;  Sections  1006,  2002(a),  and  3004 
of  the  Solid  Waste  Disposal  Act,  as  amended 
by  the  Resource  Conservation  and  Recovery 
Act,  as  amended  (42  U.S.C.  6905,  6912(a)  and 
6924). 
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2.  Section  264.340  is  amended  by 
revising  paragraph  (b).  redesignating 
and  revising  paragraph  (c)  as  paragraph 
(dj.  and  adding  new  paragraph  (c)  to 
read  as  follows: 

§  264.340  Applicability. 

•  •  •  •  * 

(bj  After  consideration  of  the  waste 
analysis  included  with  Part  B  of  the 
permit  application,  the  Regional 
Administrator,  in  establishing  the  permit 
conditions,  must  exempt  the  applicant 
from  all  requirements  of  this  Subpart 
except  S  264.341  (Waste  analysis]  and 
§  264.351  (Closure), 

(1)  If  the  Regional  Administrator  finds 
that  the  waste  to  be  burned  is: 

(i)  Listed  as  a  hazardous  waste  in  Part 
261,  Subpart  D,  of  this  Chapter  solely 
because  it  is  ignitable  (Hazard  Code  I), 
corrosive  (Hazard  Code  C),  or  both;  or 

(ii)  Listed  as  a  hazardous  waste  in 
F'arl  261,  Subpart  D,  of  this  Chapter 
solely  because  it  is  reactive  (Hazard 
Code  R]  for  characteristics  other  than 
those  listed  in  $  261.23)(a)  (4)  and  (5), 
and  will  not  be  burned  when  other 
hazardous  wastes  are  present  in  the 
combustion  zone:  or 

(iii)  A  hazardous  waste  solely  because 
it  possesses  the.  characteristic  of 
ignitability,  corrosivity,  or  both,  as 
determined  by  the  test  for 
characteristics  of  hazardous  wastes 
under  Part  261,  Subpart  C,  of  this 
Chapter;  or 

(iv)  A  hazardous  waste  solely  because 
it  possesses  any  of  the  reactivity 
characteristics  described  by  §  261.23(a) 
(1).  (2).  (3),  (6),  (7),  and  (8)  of  this 
Chapter,  and  will  not  be  burned  when 
other  hazardous  wastes  are  present  in 
the  combustion  zone;  and 

(2)  If  the  waste  analysis  shows  that 
the  waste  contains  none  of'the 
hazardous  constituents  listed  in  Part 
261,  Appendix  VIII,  of  this  Chapter, 
which  would  reasonably  be  expected  to 
be  in  the  waste. 

(c)  ff  the  waste  to  be  burned  is  one 
which  is  described  by  paragraphs 
(b)(l)(i).(b)(l)(ii).(b)(l)(iii),  or  (b)(l)(iv) 
of  this  Section  and  contains  insignificant 
concentrations  of  the  hazardous 
constituents  listed  in  Part  261,  Appendix 
VIII,  of  this  Chapter,  then  the  Regional 
Administrator  may,  in  establishing 
permit  conditions,  exempt  the  applicant 
from  all  requirements  of  this  Subpart, 
except  §  264.341  (Waste  analysis)  and 
§  264.351  (Closure),  after  consideration 
of  the  waste  analysis  included  with  Part 
B  of  the  permit  application,  unless  the 
Regional  Administrator  finds  that  the 
waste  will  pose  a  threat  to  human  health 
and  the  environment  when  burned  in  an 
incinerator. 


(d)  The  owner  or  operator  of  an 
incinerator  may  conduct  trial  burns 
subject  only  to  the  requirements  of 
S  122.27(b)  of  this  Chapter  (Short  term 
and  incinerator  permits). 

3.  Section  264.341  is  amended  by 
revising  paragraph  (a)  as  follows: 

{264J41  Waste  analytla. 

(a)  As  a  portion  of  the  trial  bum  plan 
required  by  5  122.27(b)  of  this  Chapter, 
or  with  Part  B  of  the  permit  application, 
the  owner  or  operator  must  have 
Included  an  analysis  of  the  waste  feed 
sufRcient  to  provide  all  information 

rt  ;  lired  by  S  122.27(b)(2)  or  122.25(b)(5) 
of  this  Chapter.  Owners  or  operators  of 
new  hazardous  waste  incinerators  must 
provide  the  information  required  by 
§  122.27(b)(3)  or  122.25(b)(5)  of  this 
Chapter  to  the  greatest  extent  possible. 

4.  Section  264.343  is  amended  by 
revising  paragraphs  (b)  and  (c)  to  read 
as  follows: 

S  264.343  Performance  standards. 

«  •  «  •  « 

(b)  An  incinerator  burning  hazardous 
waste  and  producing  stack  emissions  of 
more  than  1.8  kilograms  per  hour  (4 
pounds  per  hour)  of  hydrogen  chloride 
(HCi)  must  control  HCl  emissions  such 
that  the  rate  of  emission  is  no  greater 
than  the  larger  of  either  1.8  kilograms 
per  hour  or  1%  of  the  HCl  in  the  stack 
gas  prior  to  entering  any  pollution 
control  equipment. 

(c)  An  incinerator  burning  hazardous 
waste  must  not  emit  particulate  matter 
in  excess  of  180  milligrams  per  dry 
standard  cubic  meter  (0.08  grains  per 
dry  standard  cubic  fool)  when  corrected 
for  the  amount  of  oxygen  in  the  stack 
gas  according  to  the  formula: 


P.=P-  . - 

21-Y 

Where  P,  is  the  corrected  concentration 
of  particulate  matter,  P„  is  the  measured 
concentration  of  particulate  matter,  and 
Y  is  the  measured  concentration  of 
oxygen  In  the  stack  gas.  using  the  C.'sat 
method  for  oxygen  analysis  of  dry  flue 
gaSj  presented  in  Part  60.  Appendix  A 
(Method  3),  of  this  Chapter.  This 
correction  procedure  is  to  be  used  by  all 
hazardous  waste  incinerators  except 
those  operating  under  conditions  of 
oxygen  enrichment.  For  these  facilities, 
the  Regional  Administrator  will  select 
an  appropriate  correction  procedure  to 
be  specified  in  the  facility  permit 
•  •  «  •  « 

5  Sei  tion  2M  344  is  ae.i  i.ih'd  i  s 
revising  the  title  and  ndd.ng  new 
par.igraph  (c)  as  fulli'vss 


§  264.344  Hazardous  waste  Incinerator 
permita. 

•  «  •  •  • 

(c)  The  permit  for  a  new  hazardous 
waste  incinerator  must  establish 
appropriate  conditions  for  each  of  the 
applicable  requirements  of  this  Subpart, 
including  but  not  limited  to  allowable 
waste  feeds  and  operating  conditions 
necessary  to  meet  the  requirements  of 
(  264.345,  sufficient  to  comply  with  the 
following  standards: 

(1)  For  the  period  beginning  with 
initial  introduction  of  hazardous  waste 
to  the  incinerator  and  ending  with 
initiation  of  the  trial  burn,  and  only  for 
the  minimum  time  required  to  establish 
operating  conditions  required  in 
paragraph  (c)(2)  of  this  Section,  not  to 
exceed  a  duration  of  720  hours  operating 
time  for  treatment  of  hazardous  waste, 
the  operating  requirements  must  be 
those  most  likely  to  ensure  compliance 
with  the  performance  standards  of 

i  264.343,  based  on  the  Regional 
Administrator's  engineering  judgment. 
The  Regional  Administrator  may  extend 
the  duration  of  this  period  once  for  up  to 
720  additional  hours  when  good  cause 
for  the  extension  is  demonstrated  by  the 
applicant. 

(2)  For  the  duration  of  the  trial  bum. 
the  operating  requirements  must  be 
sufficient  to  demonstrate  compliance 
with  the  performance  standards  of 

S  264.343  and  must  be  in  accordance 
with  the  approved  trial  bum  plan; 

(3)  For  the  period  immediately 
following  completion  of  the  trial  bum, 
and  only  for  the  minimum  period 
sufficient  to  allow  sample  analysis,  data 
computaiion,  and  submission  of  the  trial 
bum  results  by  the  applicant,  and 
review  of  the  trial  bum  results  and 
modification  of  the  facility  permit  by  the 
Regional  Administrator,  the  operating 
requiiements  must  be  those  most  likely 
to  ensure  compliance  with  the 
performance  standards  of  S  264.343, 
based  on  the  Regional  Administrator's 
engineering  judgement. 

(4)  For  the  remaining  duration  of  the 
permit,  the  operating  requiremrnts  mu'.! 
be  those  demonstrated,  m  a  trial  In.ni  i  ■ 
by  alternative  data  specified  in 

§  122.25(b)(5)(iii)  of  thes  ('haplf  t  .c- 
sufficient  to  ensiiri’ (  nn'.;.!i. in;  i  '.v  ■■  • 
perform, inir  .stand, ir.i'.  'ft 

6  Sert'on  . 

rr\  i sing  par.igr a; !  4 

as  f ( I i  1 1 ' w  s 
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(c)  During  start-up  and  shut-down  of 
an  incinerator,  hazardous  waste  (except 
wastes  exempted  in  accordance  with 
1 2SO40)  must  not  be  fed  into  the 
incinerator  unless  the  incinerator  is 
operating  within  die  conditions  of 
operadon'ftemperaturA  air  feed  rate, 
ate.)  specified  in  the  permit 
•  •  •  •  • 

7.  Section  284.347  la  amended  by 
revising  paragraphs  (a)(1)  and  (b). 
redesignating  paragraph  (c)  as 
paragraph  (d).  and  adding  new 
paragraph  (c)  as  follows: 

I2MJ47  MonNorlng and tnapacHona. 

(a) *** 

(l)  Cambustion  temperature,  waste 
fe^  rate,  and  the  indicator  of 
combustion  gas  velocity  specified  in  the 
facility  permit  must  be  monitored  on  a 
continuous  basis. 

•  «  •  •  • 

(b)  The  incinerator  and  associated 
equipment  (pumps,  valves,  conveyors, 
pipes,  etc)  must  be  subfected  to 
thorough  visual  inspection,  at  least 
daily,  for  leaks,  spiUs,  fugitive 
emissions,  and  signs  of  tampering. 

(c)  The  emergency  waste  feed  cutoff 
system  and  assisted  alarms  must  be 
tested  at  least  weekly  to  verify 
operability,  unless  the  applicant 
demonstrates  to  the  Regional 
Administrator  that  weeUy  inspections 
will  unduly  restrict  or  upset  operations 
and  that  less  frequent  inspection  will  be 
adequate.  At  a  minimum,  operational 
testing  must  be  conducted  at  least 
mont^. 

(d)  Inis  monitoring  and  inspection 
data  must  be  recorded  and  the  records 
must  be  placed  in  the  operating  log 
required  by  i  264.73. 


40  CFR,  PART  264 
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PART  M4-STAfllMIK>8  FOR 
OWNERS  AND  OPERATORS  OF 
HAZARDOUS  WASTE  TREATMENT. 
8T0RAQE,  AND  DISPOSAL 
FACILITIES 

1.  1b  1 2M.ia  pingraph  (b)  i*  revised 
to  reed  es  follows: 

IM4.10  AppicshlWy. 

•  «  •  •  • 

(b)  Section  2M.18(b)  is  epplicsble  only 
to  fscilities  subject  to  rcgulstion  under 
Pirt  264.  Subparts  L  J.  K.  L.  and  O. 

Z  Id  i  264.13.  paragrsph  (b)(6)  is 
revised  to  read  as  follows: 


1164.13 


O))*** 

(6)  Where  applicable,  the  methods 
whi^  will  be  used  to  meet  the 
additional  waste  analysis  requiraments 
for  specific  waste  management  methods 
as  specified  in  i|  264.17  and  264J41. 

3.  In  i  264.15.  paragraph  (b)(4)  is 
revised  to  read  as  foUows: 


1364.16 


(b)*** 

(4)  The  frequency  of  inspection  may 
vary  far  the  items  on  the  ^adule. 
Houmver.  it  should  be  based  on  the  rate 
of  poesible  daterioratiaB  of  the 
equl|MBeBt  and  We  probability  of  an 
anviRMunental  or  mBBan  health  IncideBt 
if  the  deterioratloB  er  Bwlftmctloa  of 
any  operator  etiar  goes  undetected 

sp^  such  as  loaWag  and  nnloadiag 
areas,  nnist  be  InapeMad  dai^  urban  in 
use.  At  s  minimum,  the  Inspacllon 
schedule  must  indade  We  laima  and 
freqummies  called  far  In  II 36L174. 
264.194, 264Z26. 264Z54.  and  264A47. 
where  applicable. 

•  •  •  •  • 

4.  In  1 264.73,  paragraph  (b)  is 
amended  by  tevisiag  paragraph  (bX3). 
adding  new  paragraph  (b)^).  and 
redesignatiflg  paragraph  (b)(6)  and  (b)(7) 
as  (bHT)  and  (dX6)  re^eelively  revised 
to  reqd  as  follows: 

1164.73  OpsralltigRseerd. 


(b)*** 

(3)  Eeoords  and  results  of  waste 
aiM^rses  performed  as  specified  in 
II  264.13. 264.17.  and  264.341; 

•  •  •  •  • 

(6)  Monitoring,  testing,  or  aimlyticsl 
data  where  required  by  1 264.347; 


(7)  For  off-site  facilities,  notices  to 
generstors  as  specified  in  1 264.12(b); 
and 

(8)  All  closure  cost  estimstes  under 

i  264.142.  and.  for  disposal  facilities,  all 
post-closure  cost  estimates  under 
I  264.144. 

*  •  •  •  • 

6.  In  i  264.112.  paragra^  (a)  and 
paragraph  (aXl)  ere  revised  to  read  as 


1264.112 


(a)  The  ouvner  or  operator  of  a 
haxardous  waste  management  facility 
must  have  a  written  closure  plan.  The 
plan  must  be  submitted  wiW  We  permit 
applicetion.  in  socordanoe  urlW 
1 122Ja(aXl3)  of  Wis  Oiapter.  and 
approved  ^  We  HegioBal  Administrator 
as  part  of  We  peimit  issuanoe 
proceeding  imdm  Fart  124  of  this 
Chapter.  In  accordence  wiW  1 122.29  of 
Wis  Chapter,  t^  approved  dosure  plan 
will  become  a  conditton  of  any  RC^ 
pennlL  The  Regional  Administrator’s 
decision  must  assure  Wat  Wat  approved 
closure  frian  is  consistent  wiW 
II  264.111, 264.11A  264.114, 264.116  and 
the  applicable  rsquirements  of 
11 264.176. 264.197. 264A26, 264A86.  and 
266A81.  A  copy  of  We  approved  plan 
and  an  ravisioBs  to  We  plaa  mast  be 
kept  at  We  fadlity  antU  doenre  is 
oompletsd  and  certified  fa  aocasdanoe 
wiW  1 264.116.  The  plati  most  identity 
steps  neoessary  to  eompietdy  03 


1364.143  Coot 


lertecNty 


(a)  The  owner  or  iterator  most  have  a 
written  estlBMts  ct  Im  cost  of  dosing 
We  facility  fa  accordanoe  wiW  the 
requiraments  fa  ||  264.lll-264.ll5  and 
applicable  dosure  requirements  in 
II  264.176, 264.197. 264Z28. 264.258.  and 
264.351.  The  owner  or  operatw  must 
keep  Wis  estimate,  and  all  subsequent 
estimates  required  in  Wis  Section,  at  We 


C-17 


facility.  The  estimate  must  equal  We 
cost  of  dosure  at  We  point  in  We 
fadlity's  operating  life  when  We  extent 
and  manner  of  its  operation  would  make 
closure  We  most  expensive,  as  indicated 
by  its  dosure  plan  (see  1 264.112(a)]. 

ICdmment'  For  example.  We  dosure 
cost  estlmste  for  a  particular  landfill 
may  be  fw  the  cost  of  dosure  when  its 
active  disposal  operations  extend  over 
20  acres,  tf  at  all  oWer  times  these 
operatioiu  extend  over  less  than  20 
acres.  Tte  estimate  would  not  include 
costs  of  partial  dosures  that  We  dosure 
plaa  sdiedules  before  or  after  We  time 
of  maxtainm  dosure  cost) 

7.  In  40  CFR  Fart  284,  Subpart  O  is 
added  to  read  as  follows: 


264340  AppUcsbOity. 

2e«341  Waste  SBslysIs. 

204348  Madpsloiosiilchataidous 
GonsUluenls  (POHCs). 

264342  Pnfennsnos  BtsBdards. 

264344  Now  wsstes:  Trial  bums  er  pennit 

864345  Opsiatliii  requirements. 

264346  ntsseivedl 
364347  MoBlUxtai  and  inspectiens. 
364346-824380  (Rsaervedl 
204351  doenrs. 

364,85a-3MJ60  (Reserved) 


oom^etdy  dose  We  fadUty  at  die  end 
of  its  fatended  operstfag  Ufa.  The 
doenre  plan  mast  fadude,  at  least 

(1)  A  description  of  how  and  when  We 
fa^ty  wiU  be  partially  doaed,  if 
appUcabie.  and  finally  doaed.  The 
description  arast  identity  the  maximum 
extant  of  the  operation  whidi  will  be 
nndoeed  during  dm  Ufa  of  the  fadUty. 
and  how  We  rsquiiemeBts  of  II  264.111. 
264.113, 264.114, 294.116.  and  the 
appUeabla  closure  roqufremcnts  of 
II  264.176. 264.197. 204J8a  204A66.  and 
264361  wdl  be  mat 
•  •  •  •  • 

6.  In  1 264.142,  paragraph  (a)  is 
revised  to  road  as  fbUows: 


(a)  The  regulations  in  this  Subpart 
ap|dy  to  owners  and  tqierators  of 
'fatties  that  incinerate  haxardous 
waste,  except  as  1 264.1  provides 
otherwise. 

(b)  If  dm  Regional  Administrator 
fiisds,  after  an  examination  of  We  waste 
analysis  induded  wiW  Fart  B  of  We 
appUcants  peimit  appUcation,  that  the 
waste  to  te  burned: 

(1)  Is  eiWar  (1)  Hsted  as  a  haxaidotts 
waste  fa  Part  261,  Subpart  D,  of  this 
Chapter  only  because  It  is  ignitable 
(Haxard  Co^  1)  or,  (ii)  that  the  waste 
has  been  tested  against  We 
characterietics  of  haxardous  waste 
under  Part  261.  Subpart  C.  of  this 
Chaptar  and  Wat  it  meets  only  the 
ignitabUity  characteristic  and 

(2)  That  the  waste  analysis  induded 
%viW  Part  B  of  die  peimit  appUcatimi 
indudes  none  of  t^  haxardous 
constituents  listed  fa  Part  261.  Appendix 

vni; 

then  the  Regional  Administrator  may,  in 
estabUshing  We  permit  conditions, 
exempt  We  applicant  from  aU 
requirements  of  diis  Subpart  except 
1 264.341  (Waste  Analysis)  and 
1 264.351  (Closure). 


r  t  -  '•WW’»W 
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(c)  The  owner  or  operator  of  an 
incinerator  may  conduct  trial  bums, 
subject  only  to  the  requirements  of 
i  122.27(b)  of  this  Chapter  (Trial  Bum 
Permits). 

IM041  Waateanaiyala. 

(a)  As  a  portion  of  a  trial  bum  plan 
required  by  1 122.27(b)  of  this  Chapter, 
or  writh  Part  B  of  his  peimit  applicatioa 
the  owner  or  operator  must  have 
included  an  analysis  of  his  waste  feed 
sufficient  to  provide  all  information 
required  by  i  122.27(b)(2)  or 

1 122.25(b)(5)  of  this  Chapter. 

(b)  Tluaughout  normal  operation  the 
owner  or  operator  must  conduct 
sufRcient  waste  analysis  to  verify  that 
waste  feed  to  the  indiMrator  is  ndthin 
the  physical  and  chemical  composition 
limits  specified  in  his  permit  (under 

1 2B4.345(b)). 

I2MJ42  Prin^palerganleliaardous 
senatllMSiitsfPOMOs). 

(a)  Principal  Organic  Haurdoua 
Coiutituents  (POHCs)  in  the  waste  feed 
must  be  treated  to  the  extent  required 
by  the  perfoimanoe  standard  of 
1284.343. 

(bMl)  One  or  more  POHCs  udll  be 
sp^fi^  in  the  facility's  permit  from 
among  those  constituents  listed  in  Part 
261,  Appendix  VDl  of  this  Chapter,  for 
eadi  waste  feed  to  be  burned.  This 
specification  will  be  based  on  the 
degree  of  difficulty  of  incineration  of  the 
organic  constituents  in  the  waste  and  on 
th^  concentration  or  mass  in  the  waste 
feed,  considering  the  results  of  waste 
analyses  and  trial  bums  or  alternative 
data  submitted  with  Part  B  (rf  the 
facility’s  permit  applicatkm.  Organic 
constituents  whidi  represent  the 
greatest  degree  of  difficulty  of 
incineration  will  be  those  rruMt  likely  to 
be  designated  as  POHOk  Constituents 
are  more  likely  to  be  designated  as 
POHCs  if  they  ere  present  in  large 
quantities  or  concentrations  in  the 
waste. 

(2)  Trial  POHCs  will  be  designated  for 
perfortrunce  of  trial  bums  in  accordance 
urith  die  procedure  spedfied  in 
1 122.27(b)  of  this  Clmpter  for  obtaining 
trial  bum  permits. 

I284J43  Perleniiancestsndards. 

An  incinerator  burning  haurdous 
waste  must  be  designed,  constructed, 
and  maintained  so  Aat,  when  operated 
hr  accordance  with  operating 
requirements  spedfi^  wider  1 264.345, 
it  will  meet  the  following  perfoimsnce 
slandsrds: 

(a)  An  indnerator  burning  hasardous 
waste  must  achieve  a  destruction  ond 
removsl  efficiency  (DRE)  of  98  for 
each  prindpal  organic  hasardous 


constituent  (POHC)  designated  (under 
S  2G4.342)  in  its  permit  for  each  waste 
feed.  DRE  is  determined  for  each  POHC 
from  the  following  equation: 

DRE  -  (Win  -  Wput)  3t  100* 
Where: 

W^sMass  feed  rate  of  one  principal 
organic  hasardous  constituent  (PWC)  in 
the  waste  stream  feeding  the  indnerator, 
and 

WMi~Mass  emission  rete  of  the  seme 
POHC  present  in  exheust  emissions  prior 
to  release  to  the  atmosphere. 

(b)  An  incinerator  burning  hasardous 
waste  containing  more  than  0.5K 
chlorine  must  remove  69X  of  the 
hydrogen  chloride  from  the  exhaust  gas. 

(c)  An  incinerator  burning  hasardous 
waste  must  not  emit  particulate  matter 
exceeding  180  milligrams  per  dry 
standard  cubic  meter  (0.06  grains  per 
dry  standard  cubic  foot)  when  corrected 
for  12*  COt,  using  the  procedures 
presented  in  the  Qean  Air  Act 
rugnlatioiis.  “Standards  of  Perfwmance 
for  Indneraton**,  40  CFR  60.501 
SubpartE. 

(d)  For  purposes  of  pemlt 
enforcement,  compliance  with  the 
operatii^  requirements  specified  in  the 
permit  (under  i  264 J45)  will  be  regarded 
es  compliance  with  this  Section. 
However,  evidence  that  conqiliance 
with  those  permit  conditions  is 
insufficient  to  ensure  compliance  with 
the  performance  requirements  of  this 
Section  may  be  “Siformation''  justifying 
modification,  revocation,  or  raissuance 
of  a  peimit  under  1 122.15  of  this 
Chapter. 


(a)  The  owner  or  operator  of  a 
hazardous  waste  incinerator  may  bum 
only  wastes  specified  in  his  permit  and 
only  under  operating  conditions 
specified  for  those  wastes  under 

i  284.345.  except: 

(1)  In  approved  trial  burns  under 
i  122.27(b)  of  this  Chapter  or 

(2)  Under  exemptions  created  by 
I  264.340. 

(b)  Other  hazardous  wastes  may  be 
burned  only  after  operating  conditions 
have  been  specified  in  a  new  permit  or  a 
permit  modification  as  applicable. 
Operating  requirements  for  new  wastes 
may  be  be  based  on  either  trial  burn 
results  or  alternative  data  included  with 


Part  B  of  a  permit  application  under 
S  122.25(b)(5)  of  this  Chapter.  __ 

{  364.345  Operating  requirements.  ^ 

(a)  An  incinerator  must  be  operated  in 
accordance  with  operating  requirements 
specified  in  the  permit.  These  will  be 
specified  on  a  case-by-case  basis  as 
those  demonstrated  (in  a  trial  burn  or  in  . 
alternative  data  as  specified  in 

S  204.344(b)  and  included  with  Part  B  of  ^ 
a  fadUty’s  permit  application)  to  be 
suffident  to  comply  with  the 
performance  standards  of  i  264.343. 

(b)  Each  set  of  operating  requirements  ^ 
will  spedfy  the  composition  of  the 
waste  feed  (induding  acceptaUe 
variations  in  the  physical  or  chemical 
properties  of  the  waste  feed  which  will 

not  affect  compliance  with  the  *..] 

performance  requirement  of  1 264.343)  to 
which  the  operating  requirements  apply.  * 
For  each  sudi  waste  feed,  the  permit 
«vill  spedfy  acceptable  operating  limits 
including  the  following  conditions: 

(1)  Carbon  monoxide  (CO)  level  in  the  * 
stadc  exhaust  gas; 

(2)  Waste  feed  rate:  ^.- 

(3)  Combustion  temperature:  <,•* 

(4)  Air  feed  rate  to  toe  combustion  ‘.1* 

system; 

(5)  Allowable  variations  in  incinerator  . . 

system  design  or  operating  procedures: 
and  ^ 

(6)  Such  other  operating  requirements 

as  are  necessary  to  ensure  that  the 
performance  standards  of  S  264.343  are  •** 

met 

(c)  During  start-up  and  shut-down  of 
an  indnerator,  haz^ous  waste  (except 
ignitable  waste  exempted  in  accordance  ^ 
with  i  264 J40)  must  not  be  fed  into  the  v^. 
incinerator  unless  the  indnerator  is 
operating  within  the  ctmditions  of 
operation  (temperature,  air  feed  rate, 

etc.)  spedfied  in  the  permit 

(d)  Fugitive  emissitms  from  the  •  - 

combustion  zone  must  be  controlled  by: 

(1)  Keeping  the  ccmibustion  zone 
totally  sealed  against  fugitive  emissions; 
or 

(2)  Maintaining  a  combustion  zone 

pressure  lower  than  atmospheric 
pressure;  or  v- 

(3)  An  alternate  means  of  control 
demonstrated  (with  Part  B  of  the  permit 
application)  to  provide  fugitive 
emissions  control  equivalent  to 
maintenance  of  combustion  zone 
pressure  lower  than  atmospheric 
pressure. 

(e)  An  incinerator  must  be  operated 

with  a  functioning  system  to  M 

automatically  cut  off  waste  feed  to  the 
incinerator  when  operating  conditions 
deviate  from  limits  established  under 
paragraph  (a)  of  this  Section. 

(0  An  incinerator  must  cease 
operation  when  changes  in  waste  feed. 
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incinerator  design,  or  operating 
conditions  exce^  limits  designated  in 
its  pennit 

|gg4.SM  IResorvodl 

188047  MonlteflHg  and  Inspactlona. 

(a)  The  ownw  or  operator  must 
o^uct,  as  a  minimum,  the  ftdldwing 
monitoring  while  incinerating  haxardous 
waste: 

(1)  Combustion  temperature,  waste 
fe^  rate,  and  air  feed  rate  must  be 
monitored  on  a  continuous  basis. 

(2)  CO  must  be  monitored  on  a 
continuous  basis  at  a  point  in  the 
Incinerator  downstream  of  the 
combustion  zone  and  prior  to  release  to 
the  etmosphere. 

(3)  Upgn  request  by  the  Regional 
Administrator,  sampling  and  analysis  of 
the  waste  and  exhaust  emissions  must 
be  conducted  to  verify  that  the  operating 
requirements  estaUished  in  the  permit 
achieve  the  performance  standards  of 

1 264.343. 

(b)  The  indnerator  and  assodaled 
equipment  (pumps,  valves,  conveyors, 
pipes,  etc.)  must  be  completdy 
inspected  et  least  daily  for  le^.  spills, 
and  fiidtive  emissioiu.  All  emeigency 
waste  feed  cut-off  controls  and  system 
alarms  must  be  checked  daily  to  verify 
proper  operatiotL 

(c)  This  monitoring  and  inspection 
data  must  be  recorded  and  the  records 
must  be  placed  in  the  operating  log 
required  by  1 264.73. 

H  264.348-864480  (Reearvedl 

1884461  Ctoaure. 

At  closure  the  owner  or  operator  must 
remove  all  hazardous  waste  and 
hazardous  waste  residues  (including, 
but  trot  limited  ta  ash.  scrubber  waters. 


1 886.73  Operatlns  record. 

•  •  •  •  • 

(b)*** 

(3)  Records  and  results  of  waste- 
analysis  and  trial  tests  performed  as 
spedfied  in  {{  26S.13, 265.193. 265.225, 
265452. 265473,  265.341. 265.375.  and 
265.402: 


2. 40  CFR  Part  265.  Subpart  O,  is 
revised  to  read  as  follows: 

SuhpartO  tnctnefatera 
Stc. 

865.340  AppUcabiUly. 

265441  Waste  analysis. 

865442-866444  (Reserved) 

265445  General  operating  requirements. 
865446  (Reserved] 

265447  Monllming  and  inspection. 
266446-865450  (Reserved] 

265451  Closum. 

265454465.360  (Reserved] 

1886440  AppOcabty. 

(a)  The  legulatioru  in  this  Subpart 
appfy  to  oumers  or  operators  of  facilities 
that  treat  hazardous  waste  in 
incinerators,  except  as  1 265.1  and 
paragraph  (b)  of  this  Se^on  provide 
otherwise. 

(b)  Indneration  of  wastes  which: 

(1)  Meet  only  the  ignitabUity 
chsuacteristic  under  Part  261.  Subpart  C. 
id  d»ta  Ghapter.  tu 

(2)  Are  listed  hi  Part  261,  Subpart  D,  of 
this  Chapter  fw  ignitebility  only 
(Hazard  Code  Q, 

ate  exempted  from  the  requirements  of 
this  Subpiut  except  1 265451.  if  die 
owner  or  mentor  can  document  thet 
the  waste  feed  would  not  reasonably  be 
expected  to  contain  constituents  listed 
in  Part  261,  Appendix  Vin  ot  this 
Chapter.  Such  documentation  must  be  ta 
writing  and  must  be  kept  at  the  facility. 


and  scrubber  sludges)  from  the 
incinerator  site. 

(CSaminent  At  doaure,  as  drrou^ioot 
the  operating  period,  nnlass  the  owner 
or  operator  can  demonstrate,  far 
accordance  with  i  2614(d)  of  this 
Chapter,  that  the  residne  removed  from 
the  incinerator  is  not  a  hazar^Mis  waste, 
the  owner  or  operator  becomes  a 
generator  of  hazardous  rvaste  and  must 
manage  it  in  accordance  rvith  applicable 
requiments  of  Parts  262-266  of  this 
Chapter.) 

•1284488-884488  CWsssfvadI 


1888441  waeteenelysla. 

In  addidon  to  the  waste  analyses 
^^ffquirad  by  1 286.13.  dm  owner  or 
operator  must  suffldendy  analyze  any 
waste  which  be  has  not  previously 
burned  In  his  indnerator  to  enable  him 
to  estabiiah  steady  stats  (normal) 
operating  ooodidons  (induding  waste 
and  anxinaty  fuel  feed  and  air  flow)  and 
todateimine  the  type  of  poUntants 
udiidi  might  be  eidtied.  At  a  imnimum, 
the  analysis  must  determine; 

(a)  Heating  value  of  the  waste; 

(b)  Halogen  content  and  sulfur  content 
in  the  waste:  and 


FART  aW-MTERIM  tTATUt 
trANDAROS  FOR  OWNf R8  AND 
OFfRATORt  OF  HAZARDOUS  WASTE 
TREATMENT.  STORAGE,  AND 
DISFOSALFACIUTKS 

1.  bi  1 265.73.  paragraph  (b)(3)  is 
revised  to  read  as  follows: 


(c)  Concentratkms  in  the  waste  of 
lead  and  mercury,  unless  the  owner  or 
operator  has  written,  documented  data 
that  show  that  the  element  is  not 
presenL 

(Comment-  As  required  by  1 265.73, 
the  owner  or  operator  must  place  the 
results  from  eadi  waste  analysis,  or  the 


documented  information,  in  the 
operating  record  of  the  facility.) 

H  265.342-286444  (Reserved] 

•  266446  General  operating  lequiremofita. 

During  start-up  and  shut-down  of  an 
incinerator,  the  owner  or  operator  must 
not  feed  hazardous  waste  unless  the 
incinerator  is  at  steady  state  (normal) 
conditions  of  operation,  induding  steady 
state  operating  temperature  and  air 
flow. 

•  285448  (Reserved) 

C  MLJ4T  llonMorino  Mid  iMMClkiMi 

The  owner  or  operator  must  conduct, 
as  a  mifiimum,  die  following  monitoring 
and  Inspections  when  incinerating 
hazardous  vraste: 

(a)  RvtaH»ig  iiutniments  whidi  relate 
to  combustion  and  emission  control 
must  be  monitored  at  least  every  15 
minutes.  Appropriate  correctiotM  to 
maintain  steady  state  combustion 
conditions  must  be  made  immediately 
either  automatically  or  by  the  operator. 
Imtruments  which  relate  to  combustion 
and  emission  control  would  nmnally 
indude  those  measuriiw  waste  feed, 
auxiliary  fuel  feed,  air  flow,  incinerator 
temperature,  scrubber  flow,  scrubber 
pH,  and  relevant  level  controls. 

(b)  The  stack  plume  (emissions)  must 
be  observed  visuelly  at  least  hourly  for 
normal  appearance  (color  and  opadty). 
The  operator  must  immediately  make 
any  indicated  corrections  necessary  to 
return  visible  emissioru  to  their  normal 
appearance. 

(c)  The  complete  incinerator  and 
assr^ated  equipment  (pimps,  valves, 
conveyors,  pipes,  etc.)  must  be  inspected 
at  least  daily  for  leaks,  spills,  and 
fugitive  emissions,  and  all  emergency 
shutdown  controls  and  system  alarms 
must  be  chedeed  to  assure  proper 
operation. 

••886448-886486  (Reserved] 

•  886461  Cloeuie. 

At  dosure,  the  owner  or  operator 
must  remove  all  hazardous  waste  and 
hazardous  waste  residues  (induding  but 
not  limited  to  ash,  scrubber  waters,  and 
scrubber  sludges)  from  the  Incinerator. 

(CoiRjnent*  At  dosure.  as  throughout 
the  operating  period,  unless  the  owner 
or  operator  can  demonstrate,  in 
acc^anoe  with  1 2614(d)  d  this 
Chapter,  that  Um  residua  removed  from 
his  tadnerator  is  not  a  hazardous  waste, 
the  owner  or  operator  becomes  a 
generator  of  hazardous  waste  and  must 
manage  it  in  accordance  with  all 
applicable  requirements  of  Parts  262-266 
of  this  Chapter.)  • 
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Alexandria,  Virginia  22314 

Defense  Logistics  Studies  Information  Exchange 
U.S.  Army  Logistics  Management  Center 
Ft.  Lee,  Virginia  23801 


DRXTH-ES 


•  V 


12  copies 


2  copies 


2  copies 


